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1 I ntroduction
1.1 Consultation History

In March, 1999, the Nationd Marine Fisheries Service (NMFS) listed spring chinook salmon
(Oncorhynchus tshawytscha) and winter steelhead (O. mykiss) in the Upper Willamette River
Evolutionarily Significant Units (ESUs, Figure 1) as threstened under the Endangered Species Act
(ESA; 64 FRN 14308; 64 FRN 14517). Critical habitat was designated for the Upper Willamette
ESUs in February, 2000 (65 FRN 7764). On March 17, 1999, the first meeting was held with
representatives from the U.S. Army Corps of Engineers (Corps), Oregon Department of Fish and
Wildlife (ODFW), and NMFS to discuss artificid propagetion programs potentialy affecting listed
chinook salmon and steelhead in the Willamette Basin (NMFS 1999a). In July, 1999, NMFS
requested reinitiation of consultation for artificia propagation programs in the Columbia Basin in order
to assess impacts of these actions on the recently listed ESUs (including Upper Willamette ESUS). Ina
letter dated March 29, 2000 (Corps 2000), the Corps requested re-initiation of section 7 consultation
to address impacts from the operation of its artificid programs on listed Upper Willamette River ESUS,
Related to the hatchery programs in the Willamette Basin, attached to the cover |etter were Hatchery
and Genetics Management Plans (HGMPs) for spring chinook at Clackamas Hatchery, Marion Forks
Hatchery, South Santiam Hatchery, McKenzie Hatchery, and Willamette Hatchery. An HGMP was
as0 submitted for the summer stedhead hatchery program and a biological assessment for the hatchery
trout program at Leaburg Hatchery. The Corps concluded its hatchery programs would adversaly
affect listed winter steelhead and spring chinook but not jeopardize their continued existence.

1.2 Scope and Purpose of Biological Opinion

Federa agencies are required to consult under section 7(a)(2) of the ESA with NMFS to ensure any
action authorized, funded, or carried out by such agency is not likely to jeopardize the continued
existence of threastened and endangered species or result in the destruction or adverse modification of
designated critica habitat. The Corps and Bonneville Power Admingration (BPA) (federd agencies)
fund over 90% of the artificia propagation programs which potentidly affect listed spring chinook and
winter sedhead in the Upper Willamette River ESUs and therefore must consult under section 7 of the
ESA (Figure 2). However, dl of the hatcheriesincluded in this consultation are operated and
maintained by ODFW. Non-Federd agencies (e.g. ODFW, City of Portland, Portland General
Electric) are dso required to comply with ESA regulations for their actions that may affect listed
anadromous fish. Non-Federd actions only need ESA coverage after section 9 take prohibitions have
been promulgated under the 4(d) Rule and are in effect. The 4(d) Rule for the Upper Willamette River
ESUs was published on July 10, 2000 (65 FRN 42422). However, take prohibitions will not go into
effect until September 8, 2000 for winter stedlhead and January 8, 2000 for spring chinook in the

1
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Upper Willamette River. Since take prohibitions are not in effect at thistime, non-Federd actions
which potentiadly take listed species do not have to be in compliance with the 4(d) Rule or obtain
section 10 permits from NMFES a this point in time.

Even though non-Federal hatchery programs are not required to consult with NMFS at thistime, the
effects associated with non-Federdly funded hatchery programs are included in order to
comprehensvely assess impacts associated with artificial propagation programs on the listed ESUs. Al
of the hatcheries are operated by ODFW using primarily federa funds (Figure 2). Inclusion of the non-
federd programs operated for the same purposes as the federd programsin this Biologica Opinion
(Opinion) provides an gppropriate, programmatic means to assess the comprehensive effects of
regiona hatchery operations on the listed ESUSs (irrespective of the agency funding the programs), and
to derive conclusions regarding whether jeopardy is posed by the collective artificia propagation
actions.

The objective of this section 7 Biologica Opinion isto anayze actions proposed by Federa and non-
Federa action agencies and to determine whether the actions are likely to jeopardize the continued
existence of listed species, in particular spring chinook sdmon and winter steelhead in the Upper
Willamette River ESUs, or result in the destruction or adverse modification of critical habitat designated
for these species. This Opinion evauates the potentid effects associated with the collection, rearing,
and rdease of dl fish artificidly propagated within the Upper Willamette River ESUs. The action
agencies did not specify atime duration for this section 7 consultation. NMFS chose this consultation
to expire September 30, 2003.

The 4(d) Rule (July 10, 2000; 65 FRN 42422) for the Upper Willamette River spring chinook and
winter steehead ESUs state that it may not be necessary and advisable to prohibit take with respect to
artificid production programs, if an HGMP is developed and gpproved by NMFS. As specified in the
proposed rules, the HGMPs must contain specific management measures that will minimize and
adequately limit impacts on listed salmonids and promote conservation of the listed ESU. The criteriain
the 4(d) Rule are conservation-based and explicit. Once an HGMP is approved, this plan could
provide limits to the gpplication of ESA section 9 take prohibitions for the direct (if gpplicable) and
incidentd take of listed species associated with hatchery programsin the Willamette Basin. The
Federa and non-Federd agencies have initiated development of HGMPs for the Willamette Basin
programs which meet the 4(d) Rule criteria. HGMPs have been partidly completed and were
submitted by the Corps and ODFW for the purposes of this consultation.

The actions proposed in section 2 will only result in the incidental take of listed species. No listed fish
are intentiondly taken for broodstock into any of the hatchery programsin the Upper Willamette River
Basin (i.e. no “direct take’ circumstances). Therefore, issuing section 10(a)(1)(A) permits to the
gppropriate action agency is not necessary once take prohibitions are in effect.
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Once findized, this section 7 consultation will provide an Incidental Take Statement for the hatchery
programs included in this Opinion. The action agencies have indicated they intend to develop HGMPs
under the 4(d) Rule. If complete HGMPs are received before the end of this consultation period
(September 30, 2003), NMFS will evduate the actions proposed in the HGMPs and determine if
reinitiation of this consultation is warranted (as specified in section 11).

In summary, the following isNMFS' gpplication of this Opinion:

I Apply this Opinion as the evauation framework to conclude aforma consultation pursuant to
section 7 (8)(2) of the ESA for hatchery programsincidentaly affecting listed spring chinook
and winter stedhead in the Upper Willamette River ESUs,

1 If complete HGMPs are submitted by federa and non-federa hatchery operators for programs
reviewed in this Opinion before the end of the consultation period, NMFS will evaduate the
actionsin the HGMPs and determine if reinitiation of this consultation iswarranted. If it is
determined thet reinitiation of this consultation is not necessary, this Opinion will continue to
serve as the mechanism for limiting take prohibitions for federal hatchery operationsin
compliance with the complete HGMPs and for entering into formal agreements with non-federd
agencies in accordance with the find 4(d) Rule limits for hatchery programs.
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1.3 Overview of Artificial Propagation

A ggnificant number of scientific papers have examined the potentid beneficid effects and risksto
natura salmon populations posed by artificia propagation operations and fish production (for example
Lichatowich and Mclntyre 1987: Hard et . 1992; Witty et d. 1995; Waples 1999). In particular, the
benefits and risks associated with the use of hatchery-based supplementation to recover depleted
samon populations has recently received extensive attention in the literature (for example Steward and
Bjornn 1990; Cuenco et a. 1993; Busack and Currens 1995; Waples 1996; Bugert 1998; Flagg and
Nash 1999).

Drawing from the above literature, following is an overview of benefits and risks to naturd sadmonid
populations that may be associated with artificid propagation programs evauated in this Opinion.

1.3.1 Benefits

Hatchery-based supplementation programs (defined as the use of hatchery fish to increase natura
production in the wild) may be used to reduce the risk that a population on the verge of extirpation will
be lost by expeditioudy boosting the number of emigrating juvenilesin agiven brood yesr.
Supplementation may aso be used to preserve or increase the abundance of salmonid populations
while other factors causing decreased abundances are addressed. An additiona benefit of
supplementation isits use to accelerate recovery of populations by increasing abundancesin a shorter
time frame than may be achievable through natural production. Increasing the * nutrient capitd” in the
freshwater ecosystem supporting naturd salmonid populaions by increasing the numbers of
decomposing supplementation program-origin salmonid carcasses in a watershed post-spawning is
another benefit. Thisform of artificid production may aso be used to establish a reserve population for
useif the natural population suffers a catastrophic loss. Reseeding vacant habitat by reintroducing
populations to streams where indigenous populations have been extirpated while the causes of
extirpation are being addressed is another potentia benefit. Findly, these hatchery programs may be
used to collect and provide new scientific information regarding the use of supplementationin
conserving natura populations.

Hatchery programs producing non-listed salmonid species may be used to benefit fisheries. Artificia
propagation programs are implemented in the action area to provide surplus fish for harvest in Pecific
Northwest and Cdifornia commercid, tribal, and recreationd fisheries. These non-listed fish
production programs are dso used to meet internationa harvest objectives set forth under the Pecific
Sdmon Treaty agreement, and to mitigate for natural sdimonid production losses due to habitat
blockage and degradation.
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1.3.2 Risks

Artificid propagation programs, including supplementation and reintroduction strategies, may pose
sgnificant ecologica and genetic hazards to listed, naturd-origin salmonid populations (see Figure 29
for agenerd overview of the potentid effects of hatcheries). Hatchery programs may aso exacerbate
harvest impacts on listed fish by increasing incidenta mortdity in fisheries targeting surplus hatchery-
origin samonids. The presence of hatchery fish may lead to an inaccurate assessment of the hedlth of
natural populations and their habitat, epecidly if hatchery fish cannot be differentiated from naturd-
origin fish on the spawning grounds.

Ecologica hazards may include disease trandfer, facility failure leading to fish loss, increased resource
competition, and predation (Steward and Bjornn 1990). Hatchery effluent has the potentid to transport
fish pathogens out of the hatchery, where naturd fish may be exposed to infection. Interactions
between hatchery fish and naturd fish in the environment may aso result in the transmission of
pathogens, if ether the hatchery or naturd fish are harboring a fish disease. Catastrophic loss of listed
fish under propagation in a hatchery may occur as aresult of de-watering due to power failure or
screen fouling, flooding, or poor fish culturd practices. Hazards associated with adverse competitive
effects of hatchery-origin sdmonids on listed, naturd-origin fish may include food resource competition,
competition for spawning Sites, and redd superimposition. Direct predation (direct consumption) and/or
indirect predation (increasesin predation by other predator species due to enhanced attraction) may
result from hatchery sdmonid releases in freshwater and estuarine areas where listed fish are present.

Genetic hazards associated with supplementation, and the production of other races of the same
gpecies may include loss of genetic variability within and among populations, domestication, and
extinction (Busack and Currens 1995). Within population diversity loss caused by hatchery practices
may potentidly lead to alossin fitness of the supplemented or natura population (inbreeding
depression) and changes in gene frequencies (genetic drift). Diversty loss within a population may aso
occur when the population is in the hatchery, causing selection for hatchery production traits that reduce
the fitness of the population for the natural environment (domestication sdlection) (Busack and Currens
1995; Waples 1999). Loss of genetic variability among populations resulting from mating of unrelated
populaions (eg. non-indigenous origin hatchery fish spawning in the wild with naturd-origin fish) may
lead to decreased fitness, limiting the potentia of the species to adapt to new environmenta conditions,
thereby reducing its capacity to buffer the total productivity of the resource againgt periodic or
unpredictable changes (Cuenco et d. (1993) quoting Riggs 1990).

The above potentiad risksto listed fish posed by artificia propagation operations are reviewed and
addressed more specificaly in section 5 of this Opinion.
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1.4 Hatchery Reform

The effects of hatchery program activities in the Upper Willamette River ESUs have been cited by
NMFS satus reviews as potentia factors for the decline of these ESUs (Busby et a. 1996; Myers et
a. 1998). Interbreeding among hatchery-origin and naturd-origin fish and the incidental harvest of
listed fish in commercia and recreationd fisheries targeting abundant hatchery runs were identified as of
particular concern.

The generd need for hatchery reform within the Pecific Northwest region, to ensure that existing naturd
sdmonid populations are conserved, and that hatchery-induced genetic and ecologica effects on natura
populations are minimized, has been
highlighted in saverd reviews. Focusing on
hatchery reform needs in the Columbia River Key Issuesfor Hatchery Management
Basin, the following reviews present in the Willamette Basin
important perspectives regarding hatchery
effects, and the programmetic need for

1. Hatchery spring chinook cannot be

fundamental changesin how hatcheries are differentiated from naturally-produced fish
operated commensurate with natural on the spawning grounds and in hatchery
sdmonid population preservation objectives: broodstocks. .

Upstream: Salmon and Society in the 2 Possible significant interbreeding between
Pacific Northwest (1996); Return to the hatdwgry f.'Sh and neturd fishin the‘{V'|d
River: Restoration of Salmonid Fishesin resulting in the loss of locdl adaptation
the Columbia River Ecosystem (1SG among the wild populations. Actud level
1996); Review of Salmonid Artificial of hatchery fish straying is uncertain.
Production in the Columbia River Basin: 3. Themgority of hetchery production in the
As a Scientific Basis for Columbia River basin is to mitigate for habitat loss and
Production Programs (ISAB 1998); degradetion from Federa dams. .
Artificial Production Review - Report and However, the abundance of hatchery fish
Recommendations of the Northwest Power promotes fisheries which may significantly
Planning Council (NPPC 1999); and A impact the remaining listed fish
Conceptual Framework for conservation populations.

Hatchery Strategies for Pacific Salmonids
(Flagg and Nash 1999). These documents
served as the framework for hatchery
program evduation and reformin this consultation.

Due to the recent status of natura-origin winter steelhead and spring chinook in the Willamette Basin,
the action agencies have dready implemented significant changes to the management of hatcheries and
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harvest in the basn. Mogt of the these changes were implemented in the last 5 years and not enough
time has elgpsed to redize the full benefits of these management changes.

1.5 Evaluating Proposed Actions

The stlandards for determining jeopardy are set forth in Section 7(8)(2) of the ESA as defined by 50
C.F.R. Part 402 (the consultation regulations). Procedures for conducting consultation under section 7
of the ESA are further described in the USFWS and NMFS (1998) ESA Consultation Handbook.
The generd steps for determining jeopardy, and how they are organized in this Opinion, are described
below.

The NMFS must determine whether the proposed action is likely to jeopardize the listed species and/or
whether the action is likely to destroy or adversdy modify critical habitat. Thisanayssinvolvesthe
following: (1) Defining the biologica requirements of the listed ESUS; (2) describing the current status of
the listed ESUs and their habitats under the environmenta basdline; (3) evauating the effects of the
proposed action on the listed ESUs;, (4) consdering the cumulative effects on the listed ESUS; and (5)
determining if the proposed action, together with the cumulative effects, islikely to jeopardize the
continued existence of the listed ESUs or result in the destruction or adverse modification of its
designated critica habitat. The way NMFS applies these steps to hatchery programs affecting listed
speciesis described in more detail in Appendix B. [f the effects of the proposed action, taken together
with the cumulative effects, are found to jeopardize the listed species, or destroy or adversely modify
critica habitat, then NMFS must identify reasonable and prudent dternatives, if there are any, to the
proposed actions.

Thefive steps of the jeopardy andys's completed in this Opinion are as follows: (1) The biological
requirements for each Willamette River ESU are described by firgt setting the stage with descriptions of
the listed species and the genera habitat characteristics that support these species (sections 3.1 and
3.2); (2) the descriptions of the current status of each ESU and populationsis given in section 3.3; (3)
the analys's of the factors leading to the current status of the species and its habitat are discussed in the
environmental basdine (section 4); (4) the andydis of the effects of the proposed actionsis givenin
section 5; (5) cumulative effects are described in section 6; and (6) the jeopardy/no-jeopardy
determinations for each ESU, and determinations of destruction or adverse modification (or not) of
designated criticd habitat, are given in section 7.

The “action ared’ for aconsultation is defined as*adl areas to be affected directly or indirectly by the
Federd action and not merdly the immediate areainvolved in the action.” (50 CFR 402.02). The
action area encompasses the entire Willamette River Basin from the mouth to the uppermost range of
the defined ESUs.  Indirect effects of the proposed action are dso evauated in the mainsem Columbia
River from the mouth of the Willamette River to the estuary (approximately 100 miles downdiream).
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In order to conduct sound jeopardy andyses, the appropriate spatia and temporal scales must be used.
Spatid scaesin freshwater ecology are often confounded by the inconsstent use of hydrologic terms
such as basin, subbasin, and watershed. For example, the McKenzie River drainageisreferred to asa
“basin” by ODFW (1995), a“subbasin” by WNF (1994), and a “watershed” by NPPC (1999).
Fortunately, hydrologic terms have been standardized by USGS, which uses a hierarchical system
caled hydrologic unit codes (HUC) to classify drainages of different sizes, the largest and 2 largest of
which are regions and subregions (e.g., Pacific Northwest and Columbia River drainage, respectively).
Subregions are divided into the 3 largest unit and called “basing’, which are then divided into “4™ fidd
HUCSs’ and cdled “subbasing’. The subbasins are further divided into “5 field HUCS’ and called
“watersheds’ (PNERC 1998). In this Opinion, USGS s hydrologic terminology is used; the Willamette
River drainage is considered a basin, and 4" field HUCs are considered subbasins (e.g., the subbasins
identified for the Upper Willamette ESUs in Table 1 are 4™ fiedld HUCs). Smadller units such as 5" or
6" field HUCs are considered watersheds.

In addition to the spatiad scales, the tempord scde for the ESU-specific jeopardy andysesin this
Opinion must dso be defined. That is, over what timeframe shdl the effects of the action be considered
for each gpecies? Thisisan important congderation because the longer the timeframe for an action
having an adverse effect, the more harmful the effects of the action are likely to be on the affected
soecies. Thisis paticularly trueif the proposed action will continue for multiple generations of the
species over mogt, or dl of itsrange. Since the proposed actions in this consultation have been
occurring in the past, the analysis of effects in this consultation considered the long-term effects (>10
years) of artificid propagation programs in the Willamette Basin.

NMFS has not defined populations within the Upper Willamette River spring chinook and winter
stedlhead ESUs. However, for the purposes of this Opinion, 4" fidd HUCs will be used in the andysis
of the effects of the proposed action on the listed ESUs. This geographic scope seems reasonable
given the guidance for identifying neturd populationsin NMFS' Viable Sdmon Populations document
(NMFS 2000). This conservative approach analyzes impacts at the subbasin level (i.e. 4" fidd HUCS)
as compared to the geographic scae of the entire ESUs. NMFS' management guidance related to
fisheries and hatcheries has adso been to evauate impacts at the subbasin levd.

Hedey and Prince (1995) argue that the gppropriate conservation unit for anadromous sdmonidsis the
population and its habitat because maintaining genetic (genotype) and morphologicd, physiologica, and
behaviord (phenotype) diversity depends on subbasin-scae habitat diversity and the population’s
ability touseit. That is, the genetic variability within apopulation is not physcaly expressed in the
absence of the range of habitat diversity historically found in anadromous salmonid subbasins. Thisaso
supports ODFW’ s designation of subbasin-scae populations in the Willamette, while emphasizing the
importance of suitable and diverse habitat at thisscale. Thusthe spatid scales for describing the
environmenta basdine and determining the effects of the proposed action in this Opinion will be the
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subbasins ddineated in Table 1.

2 Description of the Proposed Action

The action agencies propose to release
artificidly produced anadromous and resident
sdmonidsinto waters where listed pring
chinook and winter steelhead juveniles and/or
adults are likely to be present. The action area
isthe area directly affected by the proposed
actions and is defined in this Opinion to be
within the geographic boundaries established for
Upper Willamette spring chinook salmon and
winter steelhead ESUs (March 24, 1999 64
FRN 14308; March 25, 1999 64 FRN 14517).
Indirect effects of the proposed actions may
occur in areas downstream of the ESU
boundaries- in the lower Willamette River, lower
Columbia River, estuary, and ocean.

Summary of proposed actions

The action agencies propose to release
atotd of 5.7 million atificdly
propagated spring chinook, 570
thousand summer steelhead, and 325

thousand rainbow trout in the Upper
Willamette River Basin (does not
include rleases into Lower Columbia
ESUs).

No hatchery winter steelhead are
proposed for release in the Upper
Willamette River ESUs.

10
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Table 1. Annua release gods of hatchery fish by location and species from artificia propagetion
programs in the Upper Willamette River ESUs. Subbasins are listed from upstream to downstream
based on 4™ fidld HUCs. “N/A” represents hatchery production addressed in the hatchery Biological
Opinion for listed Lower Columbia River chinook and stedlhead ESUs. The impacts from these
programs on listed UWR ESUs are assessed in Section 5.

Release Spring Fall Winter Summe Coho Rainbo
L ocation Chinook Chinoo Steelhe r Salmo w Trout Total
k ad Steelhe n
ad

Coast Fork Willamette 0 0 0 0 0 200,000 200,000
Subbasin
Middle Fork Willamette 1,427,240 0 0 157,000 0 0 1,584,240
Subbasin
Upper Willamette 0 0 0 0 0 0 0
Subbasin
McKenzie Subbasin 985,000 0 0 108,000 0 125,000 1,218,000
South Santiam Subbasin 1,021,000 0 0 144,000 0 0 1,165,000
North Santiam Subbasin 667,000 0 0 161,500 0 0 828,500
Middle Willamette 0 0 0 0 0 0 0
Subbasin
Y amhill Subbasin 0 0 0 0 0 0 0
Molalla Subbasin 100,000 0 0 0 0 0 100,000
Tualatin Subbasin 0 0 0 0 0 0 0
Clackamas Subbasin 1,257,700 0 n/a n/a n/a 0 1,257,700
mainstem Lower 260,000 n/a 0 0 n/a 0 260,000
Willamette River
Columbia River estuary* 900,000 n/a n/a n/a n/a 900,000

TOTAL 6,617,940 0 0 570,500 0 325,000 7,513,440

* Juvenile releases in the estuary are from broodstock collected in the Upper Willamette spring chinook ESU.

The Corps of Engineers, NMFS, BPA, ODFW, City of Portland, and Portland Genera Electric (PGE)
fund the costs associated with artificia propagation programs in the Upper Willamette ESUs (Figure 2).
However, the mgority of the funding is provided by Federd agencies. All of the hatchery facilities are
operated and maintained by ODFW.

The hatchery programs which collect and rear listed ESU fish provide a more detailed explanation of

11
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Figure 2. Agency respongibility for the funding of production of
the annua hatchery fish releases. Only releases covered by this
Opinion are included. Data from ODFW (2000).

the proposed actions. The descriptions of the hatchery programs that propagate summer steelhead and
ranbow trout, which are not part of the listed ESUs, focuses on the actions relevant to evaluating
potentid impactsto the listed ESUs.

Below are the specific proposed actions within each subbasin of the Upper Willamette River ESUs.
The programs are detailed by subbasins, species, then hatchery program. Some of the programs

transfer hatchery fish to facilities in different subbasins for rearing or release. For these programs, the
appropriate hatcheries are listed.

2.1 Clackamas Subbasin

2.1.1 Spring chinook salmon

Clackamas Hatchery

Spring chinook salmon production at Clackamas Hatchery is funded by ODFW (29.6%), Portland
Generd Electric (22%), and the City of Portland (18.8%) (ODFW 1996). Mitchdl Act dso provides

29.6% of the funding for this spring chinook program. However, dl Mitchell Act funded hetchery
operaions are being evauated in the hatchery Biologica Opinion for the Lower Columbia River ESUs.

12
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Stock History- The Clackamas hatchery spring chinook (stock #19) was devel oped from other
Willamette Basin hatchery spring chinook stocked as smoltsinto Dog Creek, which is adjacent to the
Clackamas hatchery facility, beginning in 1976. Since 1990 the broodstock collected for this program
has been from fish returning to the Clackamas Hatchery trap.

Purpose and L ocation+ The Clackamas Hatchery islocated at approximately mile 23 on the Clackamas
River. The Clackamas River flowsinto the Willamette River approximately 2 miles downstream from
Willamette Fdls. The purpose of this spring chinook hatchery program isto mitigete for fisheries losses
associated with hydropower development and habitat degradation within the sub-basin.

Fadilities: Adults are collected at a hatchery trap and held in two holding ponds onsite. Incubationisin
20 stacks of verticd incubator trays with a capacity of 2.2 million eggs. Rearing of juvenile fish occurs
within 10 concrete raceways.

Disease Protocols- All hatchery programs in the Columbia Basin operate under the policies and
guidelines devel oped by the Integrated Hatchery Operation Team (IHOT), a multi-agency group of
scientists who developed standardized protocols for spawning and rearing fish in the hatchery. The
IHOT guidelines specify protocols for minimizing risks to natural populations from fish hedlth, ecologica
interactions, and genetics problems.

Broodstock Callection and Digposition of Surplus Adults- Broodstock is collected at atrap located on
Dog Creek, atributary to the Clackamas River. The broodstock goa for the program is 750 adults.
Spring chinook returns in excess of broodstock needs are either sold or disposed. No estimate of the
number of listed, natura-origin fish taken for broodstock is available. ODFW expects the number of
natura-origin fish to be very low (Nandor 2000).

Releases and I dentification Beginning with the 1997 brood, al hatchery spring chinook released have
an adiposefin dip. All hatchery fish returnsin 2002 will be externdly marked.

Fisheries- Hatchery fish returning to Clackamas hatchery are caught in commercia and recreetiona
ocean and freshwater fisheries.

Monitoring and Evaluation Spawning surveys are conducted in the Clackamas River Basin to obtain
information on the abundance and digtribution of natura-origin and hatchery-origin spring chinook.
Cred surveys are conducted in the lower Clackamas River to determine the effort and catch of the
fishery. The abundance of spring chinook and the composition of hatchery and naturd-origin fish are
monitored at North Fork Dam on the Clackamas River by Portland Generd Electric.

2.1.2 Fall chinook Salmon

13
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No hatchery fal chinook salmon are proposed for release into this subbasin.

2.1.3 Winter steelhead

Winter steelhead in the Clackamas River have been identified as part of the Lower Columbia River
steelhead ESU (Busby et d. 1996). The effects of the winter steelhead program at Clackamas
hatchery on listed steelhead will be evauated in NMFS' Biologica Opinion for hatchery programsin
the Lower Columbia steelhead ESU.

214 Summer steelhead

The proposed actions related to summer steelhead in the Clackamas subbasin will be evauated in the
Biologica Opinion for hatchery programsin the Lower Columbia steelhead and chinook salmon ESUs.

2.1.5 Rainbow trout
All rainbow trout, defined as O. mykiss of non-steelhead origin, stocked for put-and-take fisheriesin

running waters of the Clackamas Basin where anadromous fish may reside were diminated in 1999.
No releases are proposed.

14
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Figure 3. Diagram of the collection, rearing, and release locations of spring chinook at Clackameas
Hatchery. From information provided in ODFW (2000b).
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Figure 4. Diagram of the collection, rearing, and release locations of spring
chinook associated with Marion Forks Hatchery. Information provided by
ODFW (2000b).
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Figure 5. Diagram of the collection, rearing, and release locations of spring chinook associated with
South Santiam Hatchery. Information provided by ODFW (2000b).
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Figure 6. Diagram of the collection, rearing, and release locations of spring chinook associated with
McKenzie River Hatchery. Information provided by ODFW (2000b).
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Figure 7. Diagram of the collection, rearing, and release locations of spring chinook associated with
Willamette Hatchery. Information provided by ODFW (2000b).
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Figure 8. Diagram of the collection and release locations of summer stedheead in the Willamette Basin.
Summer stedhead are not part of listed ESU. Only the impacts associated with the collection of adults
and the release of juveniles are relevant to this consultation. Information provided by ODFW (2000D).
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2.2 Molalla Subbasin

No hatchery facilities are located in the Moldla subbasin. Fish are transferred from other hatcheries
and released into the MoldlaRiver. Proposed actions for hatchery fish releasesinto the Moldla River
are specified below.

2.2.1 Spring chinook salmon

South Santiam and Willamette Hatcheries

Spring chinook released into the Mollala River are from broodstock collected a S. Santiam Hatchery.
All fish are reared from early egg stage to time of release at Willamette hatchery. The proposed actions
for S. Santiam and Willamette hatcheries are detailed below in their respective subbasins.

2.2.2 Fall chinook salmon

No hatchery fal chinook salmon are proposed for release into this subbasin.

2.2.3 Winter steelhead

Releases of hatchery winter steedlhead (Big Creek and Santiam stocks) into the Moldla Subbasin were
eliminated in 1999. No releases are proposed.

2.24 Summer steelhead

Releases of hatchery summer steelhead (Skamania and Santiam stocks) into the Moldla Subbasin
were eliminated in 1999. No releases are proposed.

2.2.5 Rainbow trout

All rainbow trout, defined as O. mykiss of non-steelhead origin, stocked for put-and-take fisheriesin
anadromous waters of the Moladla Basin were diminated in 1999. No releases are proposed.

2.3 North Santiam Subbasin
2.3.1 Spring chinook salmon

Marion Forks Hatchery

21
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The Corps and ODFW fund production of spring chinook at Marion Forks Hatchery. The Corpsis
responsible for 83.75% and ODFW the remaining costs of the annual production (ODFW 1996).

Stock History- The North Santiam hatchery spring chinook (stock #21) was devel oped from
indigenous spring chinook returning to the base of Detroit Dam. All broodstock used for this program
has been from fish returning to the North Santiam River.

Purpose and L ocation+ The purpose of this hatchery program is to mitigate for the loss of spring
chinook production associated with the congtruction of Big Cliff and Detroit Dams on the North
Santiam River, which blocked dl upstream fish passage. The Marion Forks Hatchery islocated above
Detroit Dam, on the North Santiam River a river mile 73. The North Santiam River is atributary to the
Santiam River, which flows into the Willamette River.

Fadilities Broodstock are collected at Minto Dam trap, located 33 miles downstream of the Marion
Forks Hatchery, on the North Santiam River and held until spawning at the adjacent holding pond.
After spawning, eggs are transferred to Marion Forks hatchery for rearing until smolt Sze. Rearing
facilities include 8 raceways, 48 circular ponds and 12 Canadian-style starting troughs (IHOT 1993).

Disease Protocols- All hatchery programs in the Columbia Basin operate under the policies and
guidelines devel oped by the Integrated Hatchery Operation Team (IHOT), a multi-agency group of
scientists who developed standardized protocols for spawning and rearing fish in the hatchery. The
IHOT guidelines specify protocols for minimizing risks to natural populations from fish hedth, ecologica
interactions, and genetics problems.

Broodstock Collection and Disposition of Surplus Adults- Broodstock is collected from fish that
valitiondly enter the trgp a Minto Dam. Minto Dam is located gpproximately 2 miles below Big Cliff
Dam and is the uppermost extent of naturd fish passage in the North Santiam River. The broodstock
god for the program is 400 fish. Excess spring chinook collected at the Minto trap are either placed
upstream of Minto Dam and alowed to spawn naturdly in the area between Minto and Big Cliff dams
or disposed. The number of listed, natura-origin spring chinook taken for broodstock is not available
because hatchery fish cannot be differentiated from natura-origin fish (Nandor 2000).

Releases and | dentification Beginning with the 1996 brood, al hatchery spring chinook released have
an adiposefin dip. All hatchery fish returnsin 2001 will be externdly marked.

Fisheries- Hatchery fish returning from the North Santiam program are caught in commercid and
recreational ocean and freshwater fisheries.

Monitoring and Evaluation Spawning surveys are conducted in the North Santiam Basin to obtain
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information on the abundance and distribution of naturd-origin and hatchery spring chinook.
2.3.2 Fall chinook salmon
No fal chinook salmon are proposed for release into this subbasin.
2.3.3 Winter steelhead
No hatchery winter seelhead are proposed for release into the North Santiam Subbasin.
234 Summer steelhead
South Santiam, Oak Springs, and Roaring River Hatcheries
No summer stedhead are raised a the only hatchery facility in the North Santiam subbasin (i.e. Marion
Forks). Two groups of fish are raised until smolt Size is attained at the South Santiam, Oak Springs,
and Roaring River hatcheries. All summer steelhead smolts released into the N. Santiam River are
brood from adults collected and spawned a South Santiam Hatchery. One group of fish (121 K
smolts) are transferred as eggs from South Santiam Hatchery to Oak Springs Hatchery, Deschutes
River Basin, Oregon, for rearing for 5 to 6 months. Fish are then trandferred to Roaring River Hatchery
(South Santiam subbasin) rearing until smolt Szeis attained. Smolts are acclimated and released from
Minto Pond in the North Santiam River. The second group of fish (40 K smolts) are reared until smolt
Sze a the South Santiam Hatchery. Smolts are also released at Minto Pond on the North Santiam
River.

2.3.5 Rainbow trout

All rainbow trout, defined as O. mykiss of non-steelhead origin, stocked for put-and-take fisheriesin
anadromous waters of the N. Santiam Basin were eliminated in 1999. No releases are proposed.

2.4 South Santiam Subbasin
2.4.1 Spring chinook salmon
South Santiam Hatchery

Production of fish at the South Santiam Hatchery isfunded by the Corps (70%) and ODFW (30%)
(ODFW 1996).
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Stock History- The South Santiam hatchery spring chinook (stock #24) was developed from
indigenous spring chinook returning to the South Santiam River. Broodstock has been collected
entirely from fish returning to Foster Dam on the South Santiam River. However, in some years
hatchery spring chinook from other Willamette hatcheries have been planted into the South Santiam
River.

Purpose and L ocation The purpose of the hatchery program is to mitigate for fishery losses associated
with the construction of Foster and Green Peter dams on the South Santiam River. The South Santiam
Hatchery islocated adjacent to Foster Dam at river mile 38. The South Santiam River isatributary to
the Santiam River, which flows into the Willamette River.

Fadilities Broodstock are collected at the Foster Dam fish collection facility located across the river
from the hatchery. Fish are trangported to the haichery and held in a holding pond until spawning. All
eggs are tranderred to Willamette Hatchery and reared until at least fingerling size.

Disease Protocols- All hatchery programs in the Columbia Basin operate under the policies and
guidelines developed by the Integrated Hatchery Operation Team (IHOT), a multi-agency group of
scientists who devel oped standardized protocols for spawning and rearing fish in the hatchery. The
IHOT guidelines specify protocols for minimizing risks to natural populations from fish hedth, ecologicd
interactions, and genetics problems.

Broodstock Collection and Disposition of Surplus Adults- Broodstock is collected from fish that
volitiondly enter the fish collection facility a Foster Dam. Sufficient broodstock are collected to
produce 2.4 million green eggs (Corps 2000). The mitigation agreement is to compensate for the loss
of 1,400 wild spring chinook above Foster Dam. No estimates are available for the number of listed,
natura-origin spring chinook taken for broodstock. The ODFW bdieves no wild spring chinook exist
inthe S. Santiam River. Spring chinook in excess of hatchery production needs are used to satisfy
tribal agreements or properly disposed. From 1996-99, live hatchery chinook collected from the South
Santiam Hatchery were aso released above Foster Dam (Lorz 2000).

Releases and Identification- Spring chinook salmon from the South Santiam hatchery program are
released into the South Santiam, North Santiam, and Molldarivers. Beginning with the 1997 brood, all
hatchery spring chinook released have an adipose fin clip. All hatchery fish returnsin 2002 will be
externaly marked.

Fisheries- Hatchery fish returning from the South Santiam program are caught in commercia and
recreational ocean and freshwater fisheries.

Monitoring and Evauation The abundance of hatchery and naturd-origin fish is monitored at the

24



July, 2000
Foster Dam trap on the South Santiam River.
2.4.2 Fall chinook salmon
No fal chinook salmon are proposed for release into this subbasin.
24.3 Winter steelhead
No hatchery winter steelhead are proposed for release in the South Santiam Subbasin.
244 Summer steelhead
South Santiam Hatchery
Stock History- The summer stedlhead hatchery program in the South Santiam River was initiated from
Skamania stock (out of ESU) smolt releases from 1967 to 1973. Since 1973, hatchery summer

gteelhead returning to the Foster Dam fish ladder on the South Santiam have been collected for
broodstock (stock #24).

Purpose and L ocation+ The purpose of the hatchery program is to mitigate for fishery losses, associated
habitat |oss and degradation associated with Foster and Green Peter dams on the South Santiam River.
The South Santiam Hatchery islocated adjacent to Foster Dam at river mile 38.5. The South Santiam
River isatributary to the Santiam River, which flows into the Willamette River (rivermile 109).

Fadilities Broodstock are collected at the Foster Dam fish collection facility located across the river
from the hatchery. Fish are trangported to the hatchery and held in aholding pond until spawning.
Offsoring are reared until smolt Size at South Santiam Hatchery or trandferred to other hatcheries (i.e.
Bonneville, Oak Springs, McKenzie, Roaring River, Leaburg) for rearing until smolt size is attained.

Disease Protocols- All hatchery programs in the Columbia Basin operate under the policies and
guidelines devel oped by the Integrated Hatchery Operation Team (IHOT), a multi-agency group of
scientists who devel oped standardized protocols for spawning and rearing fish in the hatchery. The
IHOT guideines specify protocols for minimizing risks to natural populations from fish hedth, ecologicd
interactions, and genetics problems.

Broodstock Callection and Disposition of Surplus Adults- Broodstock are collected from fish that
volitiondly enter the fish collection facility a Foster Dam. Sufficient broodstock are collected to
produce 1.64 million green eggs (ODFW 2000). Summer steelhead in excess of hatchery production
needs are recycled downstream to provide additiona fishery harvest or killed.
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Releases and I dentification- Smolts produced from the South Santiam summer steelhead program are
released into the South and North Santiam rivers, McKenzie River, Middle Fork Willamette River,
Clackamas River, Sandy River, and Hood River. All smolts are adipose clipped so that they can be
differentiated from naturad-origin summer steelhead in the Columbia Basin.

Fisheries- Hatchery fish returning from the South Santiam program are caught primarily in freshwater
recreationd fisheries. Returning fish collected at dam and hatchery facilities are recycled downstream
to provide additiond fishery harvest.

Monitoring and Evaduation+ The abundance of summer steelhead is monitored at the Foster Dam trap
on the South Santiam River.

Roaring River Hatchery

Stock History- No adult summer steelhead are collected at Roaring River Hatchery. All broodstock
needed for the summer steelhead program in the Upper Willamette River is collected at South Santiam
Hatchery (see summer steelhead at South Santiam Hatchery). Roaring River Hatchery is used only for
the rearing of juvenile summer steelhead for release into the North Santiam River.

Purpose and L ocation The hatchery program was constructed in 1924 and is operated with state funds
(IHOT 1993). The hatchery isamixed stock facility producing both anadromous and resident trout.
The hatchery islocated dong the Roaring River, atributary of Crabtree Creek, which flows into the
South Santiam River.

Fadilities The hatchery has atotd of 18 rearing ponds. Six of them were rebuilt in 1987.

Disease Protocols- All hatchery programs in the Columbia Basin operate under the policies and
guidelines developed by the Integrated Hatchery Operation Team (IHOT), a multi-agency group of
scientists who devel oped standardized protocols for spawning and rearing fish in the hatchery. The
IHOT guideines specify protocols for minimizing risks to natural populations from fish hedth, ecologicad
interactions, and genetics problems.

Broodstock Coallection and Disposition of Surplus Adults- No steelhead broodstock are collected at
this hatchery.

Releases and Identification All summer steelhead reared a Roaring River Hatchery are externdly
marked before release into the North Santiam River.

26



July, 2000

Fisheries- Hatchery fish returning to the North Santiam River are caught primarily in freshwater
recregtiona fisheries. Stedhead collected at Minto Dam are recycled through the fisheries or removed
fromtheriver.

Monitoring and Evaduation Standard hatchery monitoring and evauation as required by IHOT.

2.45 Rainbow trout

All rainbow trout, defined as O. mykiss of non-steelhead origin, stocked for put-and-take fisheriesin
flowing waters of the S. Santiam Subbasin were eiminated in 1999. No releases are proposed.
However, hatchery trout are stocked into Foster Reservoir where listed winter steelhead and spring
chinook may reside.

2.5 McKenzie Subbasin

25.1 Spring chinook salmon

McKenzie Hatchery

Production of fish at McKenzie Hatchery is funded by the Corps (50%) and ODFW (50%).

Stock History- The McKenzie hatchery spring chinook (stock #23) was devel oped from indigenous
spring chinook returning to the McKenzie River Basin. All broodstock used for this program has been
from fish returning to the McKenzie River.

Purpose and L ocation- The purpose of this hatchery program isto mitigate for fish production losses
associated with the development and operation of Blue River and Cougar dams on the McKenzie
River. The McKenzie Hatchery islocated on the McKenzie River gpproximately 22 miles east of
Springfidld, Oregon. The McKenzie River isatributary to the Willamette River. The proposed smolt
production god is 1.485 million fish.

Fadilities- Rearing facilities consst of 30 raceways, 2 adult holding ponds and 8 Canadian-style arting
troughs. Water sources are the McKenzie River and Cogswell Creek. Raceways are supplied with
single-pass water and adult holding ponds can be supplied with reused water or fresh sngle-pass
water.

Disease Protocals- All hatchery programsin the Columbia Basin operate under the policies and

guiddines developed by the Integrated Hatchery Operation Team (IHOT), a multi-agency group of
scientists who developed standardized protocols for spawning and rearing fish in the hatchery. The

27



July, 2000

IHOT guidelines specify protocols for minimizing risks to natural populations from fish hedth, ecologicd
interactions, and genetics problems.

Broodstock Collection and Disposition of Surplus Adults- Broodstock are collected at the hatchery
and Leaburg Dam. Based on coded wire tag information, the estimated percentage of the return to the
hatchery that has been listed, natura-origin fish has ranged from 13% to 25% since 1996 (Nandor
2000). All returning hatchery spring chinook are removed from the McKenzie subbasin at Lesburg
Dam. However, live McKenzie River stock hatchery fish have been released above Cougar and Trail
Bridge reservoirs since 1993 (L orz 2000).

Releases and I dentification Beginning with the 1995 brood year, dl hatchery spring chinook released
from the program can be differentiated from natura-origin fish based on the presence of an adiposefin
clip and/or coded wiretag. Two types of release strategies are conducted- a Fall season release when
fish are approximately one year old and a spring release when the fish are 18 months old. Generdly,
fal releases comprise gpproximately 20% of the liberations from this program.

Fisheries- Hatchery fish returning from the McKenzie program are caught in commerciad and
recreational ocean and freshwater fisheries.

Monitoring and Evauation Standard hatchery monitoring and evaluation as required by IHOT.
Spawning surveys are conducted annudly in specific reaches throughout the subbasin.

2.5.2 Fall chinook salmon
No hatchery fal chinook salmon are proposed for release into this subbasin.
253 Winter steelhead

The McKenzie subbasin is not part of the Upper Willamette River winter seelhead ESU. No hatchery
winter sedhead are rdleased into the McKenzie River.

254 Summer steehead

Summer stedhead are not indigenous to the Upper Willamette River and not part of the listed steelhead
ESU in the Willamette River. The McKenzie River Baan is outdde of the geographic boundary for
listed winter steelhead. Therefore some of the proposed action sections below related to the hatchery
program are not relevant to evauating the effects on listed spring chinook salmon and winter steelhead
in the Willamette Basin. This program is completely funded by the Corps.
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South Santiam, Oak Springs, and Leaburg Hatcheries

Stock History- Summer steelhead released into the McKenzie Basin are from broodstock collected
and spawned at the South Santiam River Hatchery (stock #24). Subyearlings are transferred from the
South Santiam Hatchery to Leaburg and Dexter hatcheries for additional rearing before being released
in the McKenzie River.

Purpose and L ocation+ The purpose of this hatchery program is to mitigate for lost trout habitat caused
by the congtruction of Blue River and Cougar dams and other Willamette Vdley projects (IHOT
1993). Lesaburg Hatchery islocated on the McKenzie River gpproximately 23 miles east of
Springfield, Oregon, and is used for egg incubation and rearing of summer steelhead and rainbow trout.

Fadilities See South Santiam and Middle Fork subbasin sections for South Santiam Hatchery and
Dexter Hatchery facilities, respectively. Leaburg Hatchery has 40 concrete raceways, 6 circular ponds,
20 duminum incubation troughs, and 13 garting troughs. Two of the raceways are used for adult
capture and holding, 4 for rearing anadromous fish and the remainder of the facilities for the resdent
trout program.

Disease Protocols- All hatchery programs in the Columbia Basin operate under the policies and
guidelines devel oped by the Integrated Hatchery Operation Team (IHOT), a multi-agency group of
scientists who developed standardized protocols for spawning and rearing fish in the hatchery. The
IHOT guidelines specify protocols for minimizing risks to natural populations from fish hedth, ecologica
interactions, and genetics problems.

Broodstock Collection and Disposition of Surplus Adults- No adult summer steelhead are taken for
broodstock in the McKenzie River.

Releases and Identification- All hatchery summer steelhead released into the McKenzie River are
externaly marked.

Fisheries- Hatchery summer steelhead returning from the Leaburg program are harvested
predominantly in freshwater recreationd fisheries from April through December.

Monitoring and Evauation+ Standard hatchery monitoring and evaluation as required by IHOT.

25,5 Rainbow trout

Rainbow trout (stocked as lega-gzed fish) are not part of the listed ESUs. The McKenzie River Basin
is outside of the geographic boundary for listed winter seelhead. Therefore some of the proposed
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action sections below related to the hatchery program are not relevant to evauating the effects on listed
spring chinook salmon and winter steelhead in the Willamette Basin.
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Leaburg Hatchery

Stock History- Rainbow trout (stock # 72) propagated in this hatchery program are not indigenous to
the Upper Willamette Basin and not part of the listed ESUs.

Purpose and L ocation- The purpose of this hatchery program is to mitigate for lost trout habitat caused
by the congtruction of Blue River and Cougar dams and other Willamette VValey projects (IHOT
1993). The hatchery islocated on the McKenzie River gpproximately 23 miles east of Springfield,
Oregon, and is used for egg incubation and rearing of summer steelhead and rainbow trout.

Fadilities-L eaburg Hatchery has 40 concrete raceways, 6 circular ponds, 20 auminum incubation
troughs, and 13 starting troughs. Two of the raceways are used for adult holding, 4 for rearing
anadromous fish and the remainder of the facilities for the resident trout program.

Disease Protocols- All hatchery programs in the Columbia Basin operate under the policies and
guidelines developed by the Integrated Hatchery Operation Team (IHOT), a multi-agency group of
scientists who devel oped standardized protocols for spawning and rearing fish in the hatchery. The
IHOT guidelines specify protocols for minimizing risks to natural populations from fish hedth, ecologicd
interactions, and genetics problems.

Broodstock Collection and Disposition of Surplus Adults- Not applicable.

Releases and I dentification- Rainbow trout are released into the McKenzie River at legd size for put-
and-take fisheries. These fish can be distinguished from other fish because of an adipose finclip or by
ther large s5ze.

Fisheries- Rainbow trout released from this program are caught in recreetiond fisheriesin the
McKenzie Subbasin.

Monitoring and Evaduation Standard hatchery monitoring and evauation as required by IHOT.
2.6 Middle Fork Willamette Subbasin

2.6.1 Springchinook salmon

Willamette Hatchery

Production of fish at Willamette Hatchery isfunded by the Corps (83.75%) and ODFW (16.25%)
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(ODFW 1996). The Bonneville Power Adminigtration funds 50% of the costs accrued for the rearing
of goring chinook that are released in the Columbia River estuary.

Stock History- The Willamette hatchery spring chinook (stock #22) was developed from indigenous
spring chinook returning to Dexter Pond on the Middle Fork Willamette River. Since 1990, broodstock
has been collected entirdy from fish returning to the Middle Fork Willamette River. However, previous
to 1990, if the number of adult returns was inadequate for broodstock needs, McKenzie River and
South Santiam River spring chinook were used to supplement the broodstock.

Purpose and L ocation+ The purpose of the hatchery program is to mitigate for fishery losses caused by
Hills Creek, Lookout Point, and the Dexter hydroelectric/flood control projects (IHOT 1996). The
Willamette Hatchery is located dong Salmon Creek, gpproximately 3 miles upstream from its
confluence with the Middle Fork Willamette River. Site devation is 1,217 feet above sealevd.

Fadilities Adult spring chinook are collected at Dexter Pond, located at the base of Dexter Dam.
Broodstock are held and spawned a Willamette Hatchery and McKenzie Hatchery. Willamette
Hatchery has 10 raceways, 40 modified Burrows ponds, 4 circular ponds, 2 adult trout brood ponds,
and 1 adult salmon holding pond (IHOT 1996). Middle Fork Willamette stock spring chinook
spawned at McKenzie Hatchery are used to provide eggs for the Lower Columbia River sdlect-area
fishery programs (i.e. Gnat Creek/CEDC programs)

Disease Protocols- All hatchery programs in the Columbia Basin operate under the policies and
guidelines devel oped by the Integrated Hatchery Operation Team (IHOT), a multi-agency group of
scientists who devel oped standardized protocols for spawning and rearing fish in the hatchery. The
IHOT guiddines specify protocols for minimizing risks to natural populations from fish hedth, ecologicad
interactions, and genetics problems.

Broodstock Collection and Disposition of Surplus Adults- Broodstock is collected from fish that
volitiondly enter Dexter Pond, located at the base of Dexter Dam. Dexter Dam is the uppermost
extent of passage. Sufficient broodstock (#22) are collected to produce 4.1 million green eggs (Corps
2000). The mitigation agreement requires an annud production of no more than 235,000 pounds of
juvenile chinook saimon and stedlhead. The gods of this mitigation production for the Middle Fork
Willamette River isto return an average run of 11,250 spring chinook. Spring chinook in excess of
hatchery production needs are used to satisfy triba agreements or properly disposed. However, since
1993 live Willamette stock hatchery chinook have been released above Cougar Reservoir in the
McKenzie Subbasin, above Hills Creek, Fall Creek, and Lookout Point reservoirsin the Middle Fork
Subbasin (Lorz 2000), and in Maosby Creek, atributary to the Row River, in the Coast Fork Subbasin
(Willamette Hatchery HGMP).
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Releases and Identification Spring chinook salmon from the Willamette Hatchery program are released
into the Middle Fork Willamette River below Dexter Dam, Lookout Point Reservoir, Fall Creek,
Willamette River, and Lower Columbia River, and the Columbia River etuary. Beginning with the
1997 brood, dl hatchery spring chinook released as smolts have an adipose fin clip. A portion of the
presmolt releases in the reservoirs are otolith marked and do not have an externd fin clip.

Fisheries- Hatchery fish returning from the Willamette Hatchery program are caught in commercia and
recreational ocean and freshwater fisheries.

Monitoring and Evauation+ Standard hatchery monitoring and evaluation as required by IHOT.

2.6.2 Fall chinook salmon

No hatchery fal chinook salmon are proposed for release into this subbasin.

2.6.3 Winter steelhead

No winter steelhead are proposed are release in the Middle Fork Subbasin.

264 Summer steelhead

South Santiam, Oak Springs, Leaburg, and Willamette Hatcheries

Summer stedhead are not indigenous to the Upper Willamette Basin and not included as part of the
listed steelhead ESU. Hatchery summer stedlhead smolts released into the Middle Fork Willamette
River are progeny from steelhead collected at South Santiam Hatchery (see section 2.4.4).
Approximately 115,000 hatchery smolts are released into the Middle Fork River in April. An
additional 42,000 fish are released into Fal Creek Reservoir within the Middle Fork Subbasin,
primarily for trout fishery opportunities.

2.6.5 Rainbow trout

All rainbow trout, defined as O. mykiss of non-steelhead origin, stocked for put-and-take fisheriesin

greams of the Middle Fork Basin where listed fish are likely to resde were diminated in 1999. No
releases are proposed.

2.7 Coast Fork Willamette
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2.7.1 Spring chinook salmon

No releases of hatchery spring chinook salmon are proposed for release into the Coast Fork
Willamette Subbasin.

2.7.2 Fall chinook salmon
No hatchery fal chinook salmon are proposed for release into this subbasin.
2.7.3 Winter steelhead

No releases of hatchery winter steelhead are proposed for release into the Coast Fork Willamette
Subbasin.

274 Summe steehead

No releases of hatchery summer steelhead are proposed are release into the Coast Fork Willamette
Subbasin.

2.7.5 Rainbow trout

A totd of 2,700 rainbow trout are proposed for release annualy into the Coast Fork Willamette
Subbasin for put-and-take fisheries. These fish areraised a Leaburg Hatchery in the McKenzie
Subbasin (see above section for details).

2.8 Other subbasinswithin the Upper Willamette River ESUs

The subbasins below represent most of the streams flowing into the mainstem Willamette River from the
west Sde of the basin (Figure 1; Table 1).

2.8.1 Uppe Willamette Subbasin

This 4" fiddld HUC subbasin includes the Long Tom, Marys, Luckiamute, and Calapooiarivers. No
hatchery fish (of any species) are proposed for release in the waters likely containing anadromous fish
Species.

2.8.2 MiddleWillamette Subbasn

This 4" fidld HUC subbasin includes Rickreall Creek and Mill Creek. No hatchery fish (of any
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species) are proposed for release in the waters likely containing anadromous fish species.
2.8.3 Yamhill Subbasin

No hatchery fish (of any species) are proposed for release in the waters likely containing anadromous
fish species.

2.8.4 Tualatin Subbasin

No hatchery fish (of any species) are proposed for release in the waters likely containing anadromous
fish species.

3 Status of the Speciesand Their Habitat

3.1 Description of the species and critical habitat

Described below are the generd life history and habitat requirements for the Upper Willamette River

ESUs. The other ESUs indirectly affected by the proposed actions (see Table 2) are described in
Appendix B (NMFS' draft jeopardy standard for hatcheries).

Summary of the ESUs

The generdized life history of Pacific sdmon and
stedhead involves incubation, hatching, and
emergence in freshwater, migration to the ocean,
and subsequent initiation of maturation and return
to freshwater for completion of maturation and
gpawning. Juvenile rearing in freshwater can be
minima or extended. Additionaly, some mde
chinook salmon mature in freshwater, thereby
foregoing emigration to the ocean. Thetiming
and duration of each of these stagesisrelated to
genetic and environmenta determinants and their
interactions to varying degrees. Sdmon and
sedhead exhibit a high degree of variability in
life-higtory traits, however, there is consderable
debate as to what degree this variability isthe result of loca adaptation or the generd pladticity of the
salmonid genome (Ricker 1972, Hedley 1991, Taylor 1991). More detailed descriptions of the key
features of sdmon and steelhead life history can be found in Myers et a. (1998), Hedey (1991), and
Busby et d. (1996).

Currently, there are only three known
“wild’ naturdly-spawning populations
of spring chinook in the Upper
Willamette ESU. They spavninthe
Clackamas, North Santiam, and
McKenzie subbasins.

Winter steelhead are more uniformly
digtributed throughout the geographic
range of the ESU. Naturaly spawning
populaionslikey exig in dl of the
identified subbasins within their ESU.
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Chinook salmon isthe largest of the Pacific sdmon. The species’ didtribution historicaly ranged from
the Ventura River in Cdiforniato Point Hope, Alaskain North America, and in northeastern Asafrom
Hokkaido, Japan to the Anadyr River in Russa (Hedey 1991). Additiondly, chinook sadmon have
been reported in the Mackenzie River area of northern Canada (McPhail and Lindsey 1970). Of the
Pecific saimon, chinook sdlmon exhibit arguably the most diverse and complex life history Srategies.
Hedley (1986) described 16 age categories for chinook salmon, 7 total ages with 3 possible freshwater
ages. Thisleve of complexity is comparable to sockeye sdmon (O. nerka), athough sockeye sdmon
have amore extended freshwater residence period and utilize different freshwater habitats (Miller and
Brannon 1982, Burgner 1991). Two generdized freshwater life-history types were initialy described
by Gilbert (1912): “dream-type’ chinook sdmon reside in freshwater for ayear or more following
emergence, whereas “ ocean-type’ chinook sdmon migrate to the ocean within their first year. Hedey
(1983, 1991) has promoted the use of broader definitions for “ocean-type’ and “stream-type’ to
describe two distinct races of chinook sdmon. This racia gpproach incorporates life hitory traits,
geographic distribution, and genetic differentiation and provides a vauable frame of reference for
comparisons of chinook salmon populations.

Stedhead ds0 exhibit complex and diverse life history Strategies. Juvenile fish can resde multiple years
in freshwater before emigrating to the ocean. Freshwater residence by juvenile steelhead has been
shown to be up to 7 years (Busby et d. 1996). Adults return after several monthsto severd yearsin
the ocean. Steelhead are iteroparous; they do not die after spawning and can repesat spawn.

36



July, 2000

Table2. Summary of sdmon species listed under the Endangered Species Act potentialy affected

(directly or indirectly) by the proposed actions included in this consultation.

Species

Evolutionarily Significant Unit

Present Status

Federal Register Notice

Chinook Salmon Snake River Fall Threatened 57 FR 14653  4/22/92

(O. tshawytscha) Snake River Spring/Summer Threatened 57 FR 14653  4/22/92
Lower Columbia River Threatened 64 FR 14308 3/24/99
Upper Willamette River Threatened 64 FR 14308 3/24/99
Upper Columbia River Spring Endangered 64 FR 14308 3/24/99

Chum Salmon ColumbiaRiver Threatened 64 FR 14570  3/25/99

(O. keta)

Sockeye Salmon Snake River Endangered 56 FR 58619 11/20/91

(O. nerka)

Steelhead Upper Columbia River Endangered 62 FR 43937 8/18/97

(O. mykiss) Snake River Basin Threatened 62 FR 43937 8/18/97
Lower Columbia River Threatened 63 FR 13347 3/19/98
Upper Willamette River Threatened 64 FR 14517  3/25/99
Middle Columbia River Threatened 64 FR 14517  3/25/99

3.1.1 Willamette River Basin

The Willamette River Basin covers gpproximately 29,800 kn? (11,500 mi2). Mgjor tributaries include:
McKenzie, Santiam, Cdapooia, Moldla, and Clackamas Rivers (Cascade Range) and Long Tom,
Marys, Luckiamute, Yamhill, and Tudatin Rivers (Coast Range), dthough the steelhead ESU does not
extend beyond the Cdapooia River. The maingem Willamette River begins at the confluence of the
Middle Fork and Coast Fork rivers south of Eugene. The Willamette Basin is composed of 30% valley
floor (below 154 m (500 feet)), 60% Cascade Mountain foothills and dopes (up to 3000m), and the
remaining area consists of part of the Coast Range (up to 1200 m). The Upper Willamette River ESU
is biogeographicdly different from many of the other ESUsin the Pacific Northwest, in that it was not
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glaciated during the late Pleistocene. Climatically,
arainshadow effect, similar to the one influencing Passage Tlne for Juvenite Salmonids

the Puget Sound Lowlands, limits rainfall to about passing Willamatte Falls 1952-04
5%

120 cm per year, with minimum rainfdlsin July, .
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Fgure 9. Emigration timing of spring chinook

samon a Willamette Falls. Graph reproduced

fromWilliset d. (1995).

3.1.2 Uppe Willamette River spring
chinook ESU

NMFS identified the Upper Willamette River
spring chinook ESU as occupying the Willamette River and tributaries upstream of Willamette Fdls, in
addition to naturaly produced spring-run fish in the Clackamas River. Fal chinook samon spawnin
the Upper Willamette but are not consdered part of the ESU because they are not indigenous. None
of the hatchery populations in the Willamette River were listed dthough five spring-run hatchery stocks
were included in the ESU (Clackamas, North Santiam, South Santiam, McKenzie, and Middle Fork
hatchery stocks).

Upper Willamette River chinook are one of the most geneticaly digtinct groups of chinook in the
Columbia River Basin (Figure 10). Higtoricaly, passage by returning adult sdmonids over Willamette
Fals (RKm 37) was only possible during the winter and spring high flow periods. The early run timing
of Willamette River spring-run chinook salmon relative to other Lower Columbia River spring-run
populationsis viewed as an adaptation to flow conditions a the Falls. Chinook salmon begin appearing
in the lower Willamette River in February, but the mgority of the run ascends the Fdlsin April and
May, with a peak in mid-May. Low flows during the summer and autumn months prevented fal-run
sdmon from accessing the Upper Willamette River Basin. Mattson (1963) discusses the existence of a
late spring-run chinook salmon that ascended the fdlsin June. These fish were gpparently much larger
(25-30 Ibs. (11.4-13.6 kg)) and older (presumably 6 year olds) than the earlier part of the run.
Furthermore, Mattson (1963) speculated that this portion of the run “intermingled” with the earlier-run
fish on the spawning ground and did not represent adistinct run. The disappearance of the Junerunin
the Willamette River in the 1920s and 1930s was associated with the dramatic decline in water quality
in the lower Willamette River.

Spring chinook populationsin this ESU have alife history pattern that includes traits from both ocean-
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and sream-type life histories. Smolt emigrations occur as young of the year and as age-1 fish in the fall
and spring (Figure 9). Ocean digtribution of chinook in this ESU is consistent with an ocean-type life
history with the mgority of chinook being caught off the coadts of British Columbiaand Alaska. Spring
chinook from the Willamette River have the earliest return timing of chinook stocks in the Columbia
Basin with freshwater entry beginning in February. Adults return to the Willamette River primarily a
ages 3 through 5. Spring chinook hold in deep poolsfor at least severa months before spawning. The
qudity of adult over-summering habitat is criticd for their surviva. If degp pools do not exist within the
stream or stream temperatures are high, sgnificant mortaity of adult spring chinook can occur.
Higtorically, spawning occurred between mid-July and late October. However, the current spawn
timing of hatchery and natural-origin chinook is September and early October.

Higtoricaly, there were five mgor basins that produced spring chinook including the Clackamas, North
and South Santiam Rivers, McKenzie, and the Middle Fork Willamette (Figure 11, Figure 14, Figure
15, Figure 12, Figure 13). However, between 1952-1968 dams were built on all of the major
tributaries occupied by spring chinook, blocking over haf of the most important spawning and rearing
habitat. Dam operations have aso reduced habitat quality in downstream areas due to thermal and
flow effects. Dams on the South Santiam and Middle Fork Willamette eiminated indigenous spring
chinook in those systems (ODFW 1997). Although there is till some natural spawning in these
systems below the dams, habitat qudity is such that there is probably little resulting production and the
spawners are likely of hatchery origin.  Populations in severa smaler tributaries that dso used to
support spring chinook are believed to be extinct (Nicholas 1995).
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Figure 10. Multidimensiona scaing (MDS) of Cavali-Sforza and Edwards (1967) chord distances
based on 31 dlozyme loci between 57 composite samples of chinook saimon from Columbia River
Basin populations. Within the “ocean type’ populations, squares designate popul ations from the
Willamette River Basn, circles- Lower Columbia River, triangles- middle and upper Columbia River
Basins and Snake River Baans. All “stream type’ samples are from the middle, upper Columbiaand
Snake River Basins. Figures from J. Myers, NWFSC.

3.1.3 Upper Willamette winter steelhead ESU

The Upper Willamette River steehead ESU includes the Willamette River and its tributaries from
Willamette Falls up to and including the Cadapooia River. NMFS determined that areas upstream of
the Caapooia River (i.e. McKenzie, Middle Fork, Coast Fork subbasins) were not part of the listed
sedhead ESU. Higtoricdly, winter steelhead were not prominent in these upper headwater areas. The
North Santiam River hatchery stock (ODFW stock 21) is part of this ESU and not essentia for
recovery.

Native stedlhead in the Upper Willamette River ESU are known as late-run winter stedhead. The
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same flow conditions at Willamette Fals that only dlowed access for spring-run chinook sdmon aso
provided an isolaing mechanism for thisunique run time. Late-run winter steelhead enter the
Willamette River from October until May, with pesk river entry in January and February (Dimick and
Merryfield 1945). However, Howell et a. (1985) reported that the peak passage time at Willamette
Fdlsfor “wild” winter sedlhead wasin April. Redd counts for late-run winter steelhead in the
Willamette River Basin are conducted in May (Howell et d. 1985). ODFW currently uses February
15" to discriminate native and non-native Big Creek winter steelhead at Willamette Falls (K ostow
1995). Itisgenerdly agreed that steelhead did not historicaly emigrate farther upstream than the
Caapooia River (Fulton 1970).

Stedhead in the Upper Willamette River Basin are heavily influenced by hatchery practices and
introductions of non-native stocks. Fishways built at Willamette Fals in 1885, modified and rebuilt
severd times, have facilitated the introduction of Skamania-stock summer steelhead and early-migrating
winter steelhead of Big Creek stock (non-ESU). Production of non-indigenous summer steelhead
gppears to be low, and the summer population is dmost entirdly maintained by artificid production
(Howell et al. 1985). Some naturally-reproducing fish of Big Creek stock winter steelhead may occur
inthebasin. In 1982, it was estimated that 15% of the late-run winter seelhead ascending Willamette
Fdlswere of hatchery origin (Howell et d. 1985). All releases of hatchery winter steelhead in the ESU
have recently been discontinued.

Native sedhead are didtributed in afew, reatively smdl, naturd populations throughout the Willamette
Basin. Surveysin 1940 reported anecdotal information that steelhead spawned in Gales Creek, a
tributary to the Tudatin River (Parkhurst et a. 1950). Numerous introductions of early-run winter
steelhead (Big Creek stock) and late-run (North Santiam stock) winter steelhead have been made into
the Tuddin River, it is unclear whether the exigting fish represent native or introduced linesges.

The MoldlaRiver currently contains three distinct runs of stedhead: native late-run winter steel heed,
introduced early-run winter steelhead (from Lower Columbia River populations), and introduced
Skamania summer-run steelhead (Chilcote 1997). Releases of the early-run steelhead into the Moldla
were recently discontinued (Chilcote 1997).

Genetic analysis indicates a close genetic affinity between winter seelhead populations in the Santiam,
Molala (North Fork), and Caapooia Rivers. Steelhead descended from summer-run (Skamania) and
early-run winter (Big Creek) hatchery populations are distinct from the native steelhead.

Native late-winter and introduced Skamania summer-run steelhead are both present in the North
Santiam River (Chilcote 1997). Surveys done in 1940 estimated that the run of steelhead was at |east
2,000 fish (Parkhurst et d. 1950). Parkhurst et a. (1950) aso reported that larger runs of steelhead
existed in Breitenbush, Little North Santiam, and Marion Fork Rivers. Native steelhead were atificidly
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propagated at the North Santiam Hatchery beginning in 1930, when a record 2,860,500 eggs (686
femaes @ 4170 eggs/femae) were taken (Wallis 1963). The release of hatchery propagated
steelhead (late-winter run) in the North Santiam was discontinued in 1998 (NMFS 1999). Recent
(through 1994) average escapements to the North Santiam have averaged 1,800 fish of mixed hatchery
and naturd origin (Busby et d. 1996).

Native late-winter and introduced Skamania summer-run steelhead are both present in the South
Santiam River. Hatchery releases have not occurred in this basin since 1989, and the proportion of
hatchery-reared fish that currently spawn naturdly in the South Santiam River is beieved to be lessthan
5% (Chilcote 1997). Hatchery operations began in 1926, and in 1940 arecord 3,335,000 eggs were
taken (800 femdes @ 4170 eggsfemde); however, it should be noted that river conditions &t the
hatchery weir Ste at that time did not alow the weir to be set in place until after a portion of the
steelhead run had already passed (Wallis 1961).

ODFW congdersthe late-run winter steelhead to be one population; however, the abundance trends
for populations above and below Foster Dam are very different. The number of redds below Foster
Dam has remained rlaively stable (dbeit at alow levd), while the redd count above Foster Dam has
declined dramaticdly in recent years. Live counts of fish passng Foster Dam (1993-1997) have
averaged 240 fish, regardless of their origin (ODFW 1998).

Late-run winter steelhead are native to the Calapooia River. Parkhurst et d. (1950) reported that
steelhead ascended the Calgpooia as far as 87 Km. upstream, athough passage a the Finley Mill Dam
(RKm 42) may have not been passable during periods of low flow. There is no hatchery program on
the Caapooia River, Chilcote (1997) estimates that the percentage of hatchery fish (strays from other
Upper Willamette River rdeases) islessthan 5%. This population has declined to very low levels snce
the late 1980s. In 1993, spawner dengity estimates for the Calgpooia River were a arecord low 1.8
spawners per mile (Chilcote 1997). The average escapement of late-run winter steelhead to the
Caapooia River (1993-1997) was 61 fish (ODFW 1998). Genetic analysisindicated a close affinity
between winter-run stelhead in the Calgpooia and native late-run winter steelhead in the Santiam and
MoldlaBasns.

Naturdly spawning winter-run stedhead are currently found in severa westside tributaries of the
Willamette River; however, there is some debate on the origin of these fish. Parkhurst et d. (1950) did
not report the presence of any samon or stedlhead in these systems (although their surveys were
conducted during the summertime when adult steelhead would not be present.) Interestingly, Parkhurst
et a. (1950) did report on the condition of anumber of fish ladders at in-river sructuresin these
tributaries, which suggests that anadromous fish may have been present a some point in time. Hatchery
records indicate that large numbers of early-run winter steelhead were stocked into the Luckiamute and
Yamhill Rivers. ODFW suggests that, based on spawn timing, late-run winter stleelhead may have
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recently colonized the Yamhill River (NMFS 1999). Recent genetic analyss of presumptive steelhead
from the westside tributaries indicated that fish from the Yamhill River and Rickredll Creek were most
geneticdly smilar to steelhead populations from the Lower Columbia River Basin (suggesting the
influence of Big Creek winter steelhead or Skamania summer steelhead (NMFS 1999). The sample
from the Luckiamute River had no clear ffinity with any other sedhead population, and may be
descended from resident rainbow trout.

Stedhead are not native to the McKenzie and Middle Fork Willamette subbasin; however there are
currently a number of naturaly spawning “populations’ of late-winter and summer run steelhead that are
found upstream of the Caapooia River. These fish are descendants of introductions from hatcheries
within and outsde of the ESU. Additiondly, resident rainbow trout in the McKenzie and Middle Fork
Rivers do not geneticaly resemble stedhead populations in the Willamette River Basin (neither summer,
nor early- or late-run winter steelhead) (NMFS 1999). Genetic andyss indicates little resemblance
between these resident rainbow trout and hatchery stocks used by ODFW (NMFS 1999). It appears
that rainbow trout upstream of the Calgpooia have remained fairly isolated from other O. mykiss
populaions in the Willamette River and Lower Columbia River Basin.
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Figure 11. Map of the Clackamas Subbasin. Currently known spring chinook
spawning areas are shown (From datain Lindsay et d. 1997, 1998, 1999).
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Figure 12. Map of the North Santiam Subbasin. Big Cliff Dam blocks upstream
passage of anadromous fish. Currently known spring chinook spawning arees are
shown (From datain Lindsay et a. 1997, 1998, 1999). Winter steelhead spawning
would likely occur in the North Santiam River below Big Cliff Dam and in the
tributaries. Specific information on spawning distribution was not available for winter
steel head.
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Figure 13. Map of the South Santiam Subbasin. Foster Dam is the uppermost point of
naturd upstream migration. Trap and haul above the dam can occur. Currently known
spring chinook spawning areas are shown (From datain Lindsay et d. 1997, 1998,
1999). Winter stedlhead spawning is possible in the South Santiam and tributaries. No
specific information on spawning didtribution was available.
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McKenzie Subbasin
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Figure 14. Map of the McKenzie Subbasin. Currently known spring chinook
gpawning aress are shown (From datain Lindsay et a. 1997, 1998, 1999; ODFW
1999). Winter and summer steclhead that may spawn in this subbasin are not included
as part of the listed steelhead ESU.
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Figure 15. Map of the Middle Fork Willamette River Subbasin. Dexter Dam blocks
anadromous fish passage upstream. From 1997-99, this subbasin was surveyed for
chinook spawning only in 1998. Ten redds were observed from Dexter Dam to the
mouth (Lindsay et d. 1998). Winter and summer stedlhead that may spawn in the
subbasin are not included as part of the listed steelhead ESU.
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3.2 Population Dynamics and Trends

Beow isasummary of the abundance of

chinook salmon and steelhead in the Upper Summary of Abundance and Trends
Willamette River Basin. The status and
abundance of fall chinook samon and summer The abundance of naturd-origin spring
steelhead are included becauise their presence chinook has declined significantly from
has implications to the andysis of the historic levels. The abundance of
proposed actions. As stated above, fall hatchery spring chinook has increased
chinook and summer steethead are not since the 1950's.
indigenous to the Willamette River above the The total abundance of hatchery and
Falls and were determined not to be a part of natural-origin chinook has been
the Upper Willamette River winter steelhead generaly increesing since 1995. The
and spring chinook ESUs. recent average number of fish passing
the Falls has been 31,000. However,
3.2.1 Chinook salmon the number of naturd-origin fish is
estimated to be only 10% of the total
There are no direct estimates of the size of the run.
chinook salmon runsin the Willamette River The abundance of winter steelhead has
Basin prior to the 1940s. McKernan and been relatively stable since 1990.
Mattson (1950) present anecdotal information Since 1990 the average number of late-
that the native American fishery a the run natura-origin fish a the Fals has
Willamette Falls may have yielded 2,000,000 been 3,000 fish. The lowest run on
Ibs. (908,000 Kgs) of salmon (454,000 fish record occurred in 1996.

@ 20 1bs. (9.08 Kgs)). Mattson (1948)
edimated that the spring chinook salmon run
in the 1920s may have been 5 times the existing run size of 55,000 fish (in 1947) or 275,000 fish,

based on egg collections a sdmon hatcheries. However, commercid fisheries at Willamette Falls were
observing declinesin the catch of spring chinook by 1875 (Stone 1875). Additiondly, much of the
early historical information on sdmon runsin the Upper Willamette River Basn come from the
operation reports from by state and federa hatcheries.

The abundance of naturally-produced spring chinook in the ESU has declined substantialy from historic
levels. Higtoric escapement levels likely exceeded hundreds of thousands of fish per year (Nicolas et
a. 1995). From 1946-50, the geometric mean of Willamette Falls counts for spring chinook was
31,000 fish (Myers et al. 1998), which represented primarily naturally-produced fish. The most recent
5 year (1995-1999) geometric mean escapement above the falls was 27,800 fish, comprised
predominantly of hatchery-produced fish (Figure 16). Nicholaset d. (1995) estimated 3,900 natura
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spawnersin 1994 for the ESU, with gpproximately 1,300 of these spawners being naturaly produced.
There has been agradud increase in naturaly spawning fish in recent years, but it is believed that many
of these arefirst generation hatchery fish. The long-term trend for tota spring chinook abundance
within the ESU has been approximatdly stable athough there was a series of higher returnsin the late-
80s and early-90s that were associated with years of higher ocean surviva. The great mgority of fish
returning to the Willamette River in recent years have been of hatchery-origin. The McKenzie,
Clackamas, and North Santiam are the primarily basins that continue to support natura production.

The Clackamas River hitoricaly contained a spring run of chinook salmon, but relatively little
information about that native run exists. Bairn (1886) reported that a run of chinook salmon
“commencesin March or April, sometimes even in February.” Even in 1885 there were gpparent
declinesin sdmon abundance:”... the sdlmon are not so plentiful now as they were, for some years ago

Abundance of Spring Chinook
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Figure 16. Abundance of soring chinook in the Willamette River Basin. Willamette Fdlsis
located on the Willamette River at rivermile 26. N.F. Dam islocated on the Clackamas River &
rivermile 31. Lesburg Dam islocated on the McKenzie River & rivermile 39.
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the river was literdly dive with Chinook samon...” (Bairn 1886). Abernethy (1886) reported that
some 3,500 chinook salmon were caught in the Clackamas River between April 10 and July 10, 1885;
however he noted that there was no fishing donein the river in March when the run was apparently very
large. There are various accounts of when the spring run adults spawned in the Clackamas River.

Bairn (1886) mentioned fish spawning in September, dthough his observations were in the vicinity of
Clear Creek (RKm 13) and he might have observed fal-run fish spawning. The U.S. Fish Commission
operated two hatcheries. on the upper Clackamas River, Oak Grove Fork (RKm 95), and on the lower
Clackamas River (RKm 6). Eggs were collected at the upper Clackamas Station beginning 17 July and
ending 26 August, with some five million eggs collected (Ravene 1898a). At the lower Clackamas
Station, ripe fish were not collected until 15 September and by 7 November, 1897, only spawned out
fish were collected (Ravend 1898a). ODFW (1990) suggests that fish collected at the lower
Clackamas Station were probably fal-run “tule’ chinook sdmon. Currently, naturdly spawning spring-
run chinook salmon spawn from September to October (Olsen et a. 1992).

The congtruction of the Cazadero Dam in 1904 (RKm 43) and River Mill Dam (Figure 11) in 1911
(RKm 37) limited migratory access to the mgjority of the historical spawning habitat for the spring run.
In 1917, the fish ladder at Cazadero Dam was destroyed by floodwaters, eliminating fish passage to the
upper basin (ODFW 1992). Hatchery production of spring-run chinook salmon in the basin continued
using broodstock captured at the Cazadero and River Mill Dams (Williset d. 1995). Transfers of
Upper Willamette River hatchery stocks (primarily the McKenzie River Hatchery) began in 1913, and
between 1913 and 1959 over 21.3 million eggs were transferred to the Clackamas River Basin (Wallis
1961, 1962, 1963). Furthermore, alarge proportion of the transfers occurred during the late 1920s
and early 1930s to supplement the fallure of the runsin the Clackamas River Basin at that time (Leach
1932). In 1942 spring-run chinook salmon propagation programs in the Clackamas River Basin were
discontinued. By 1939, when passage for spring-run chinook salmon was restored over the Clackamas
River dams, the spring run population had declined considerably since the turn of the century. A
spawner survey conducted in August 1940 observed 300 adults below Cazadero Dam and more than
500 below River Mill Dam (Parkhurst et d. 1950); however, unspecified conditions did not permit
these fish to migrate above the dams. A further 500-700 spring-run chinook salmon were observed
gpawning in Eagle Creek (where the U.S. Bureau of Fisheries Station was Sited) in September and
October 1941 (Parkhurst et al. 1950).

Recolonization of the upper Clackamas River was somewhat limited. The average annud dam count
(River Mill or North Fork Dam) from 1952-59 was 461 (ODFW 1992). More importantly, 30% of
the adult passage counts occurred in September and October. Artificid propagation activities were
restarted at the Eagle Creek Nationa Fish Hatchery in 1956 using eggs from a number of upper
Willamette River hatchery stocks. The program rel eased gpproximately 600,000 smolts annudly
through 1985. In 1976, the ODFW Clackamas Hatchery (located below River Mill Dam) began
releasing spring-run chinook samon (Willamette River hatchery broodstocks were used, since it was
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believed that the returns from the loca population were too small to meet the needs of the hatchery
(ODFW 1992)). Increasesin adult returns over the North Fork Dam, and increases in redd counts
above the North Fork Reservoir corresponded to the initiad return of adults to the hatchery in 1980
(ODFW 1992, Willis et a. 1995). Adult counts over North Fork Dam rose from 592 in 1979 to
2,122 in 1980 (ODFW 1992). Spawner surveys conducted in 1998 estimated that 380 redds were
present above the North Fork Dam (this corresponded to 1,382 adults passing the dam one week prior
to the redd count) (Lindsay et a. 1999).

The Clackamas River currently accounts for about 20% of the production in the Willamette Basin. The
production comes from one hatchery and natura production areas located primarily above the North
Fork Dam. The interim escapement god for the area above the Dam is 2,900 adults (ODFW 1998a).
This sysem is heavily influenced by hatchery production so it is difficult to digtinguish natura from
hatchery-origin spawners. Mogt of the natura spawning occurs above the North Fork Dam with 1,000
1,500 adults crossing the Dam in recent years. There were 380 redds counted above the dam in 1998
and smilar countsin 1997 (Lindsay et. a. 1998). Thereis some spawning in the area below the Dam
aswd| dthough the origin and productivity of these fish is again uncertain. There were 48 oring
chinook redds counted below the North Fork Dam in 1998.

Genetic andysis by NMFS of naturdly produced fish from the upper Clackamas River indicated that
this stock clustered with hatchery stocks from the Upper Willamette River Basin (Myers et d. 1998).
Thisfinding agrees with an earlier comparison of naturaly produced fish from the Collawash River (a
tributary to the upper Clackamas River) and upper Willamette River hatchery stocks (Schreck et dl.
1986). Introductions of fish from the upper Willamette River have sgnificantly introgressed into, if not
overwhemed, spring-run fish native to the basin.  Although there is no genetic basdline for the hitorica
population, the Sgnificant changes in spawning time from the 1890s to the present would suggest that
the native population had been modified or replaced. Furthermore, observed adult passage at the dams
indicates that this change had occurred by the early 1950s, before the recent large hatchery programs
were initiated at the Eagle Creek NFH (1956) and the Clackamas Hatchery (1976). Findly, increases
in spawner abundance in the upper Clackamas River Basin corresponded directly with the first adult
returns to the Clackamas Hatchery, suggesting that the present naturally spawning population(s) in the
Clackamas River are derivatives of upper Willamette River populations.

It was suggested by ODFW (1998) that spring-run fish returning to the upper Willamette River Basin
historically may have strayed into the Clackamas River at times when conditions & Willamette Fals
prevented upstream passage. If s0, the current genetic Smilarity of Clackamas River and Upper
Willamette River fish might reflect an higtorica/evolutionary affinity rather than arecent artifact of human
intervention.

Spring-run chinook salmon are ndtive to the Santiam River Basin. The Oregon Fish Commission
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attempted egg-taking operations in 1906 and 1909, but it was not until 1911 when adults were
captured for spawning (Wallis 1963). The hatchery rack was located near Detroit, below the
confluence of the North Santiam and Brietenbush Rivers, and below where most of the natural
spawning aress (except for the Little North Santiam River). 1t was genera hatchery policy to capture
as many broodstock as possible. 1n 1911, 1,500,000 eggs were collected. The largest egg collection
was 13,200,000 in 1934 (this would correspond to 4125 femaes @ 3200 eggs/femae (Wallis 1963)).
The estimated run sze for the entire North Santiam River Basin was 2,830 in 1947 (Mattson 1948).
Between 1911 and 1960, the overwhelming mgority of hatchery fish released into the North Santiam
basin have come from adults captured in the watershed. Other introduction have come from the South
Santiam, McKenzie, and Willamette River Hatcheries (Willis 1963). A program to introduce Carson
Hatchery spring-run chinook salmon (Snake River and Upper Columbia River populations) a the
North Santiam Hatchery during the 1970s was discontinued after several years and appearsto have
hed little impact on the origind hatchery population (Willis et d 1995).

The congtruction of Detroit and Big Cliff Dams (RKm 79; Figure 12) in 1953 on the North Santiam
River, eiminated access to approximately 70% of the spawning areafor chinook samon. Additiondly,
dteration in the temperature and rate of discharge from the dams has probably had a sgnificant impact
on the surviva of eggs deposited below the dam. Changes in the temperature regime have resulted in
accelerated embryonic development rates and premature emergence. Cramer et al. (1996) reports
chinook salmon fry in the North Santiam River moving downstream in late November, in contrast to
norma emergence in February or March.

The earliest observed spawning at the North Fork Santiam rack occurred on August 22 in 1947, which
was earlier than that observed at the McKenzie or Middle Willamette River hatchery racks (Mattson
1948). These spawning differences were ascribed to lower temperatures at the Santiam racks relative
to the other sites. During spawner surveysin 1998, no redds were observed prior to September 1
(Lindsay et d. 1999). In 1998, 115 redds were observed in the North Santiam River, with an
additiona 39 reddsin the Little North Santiam River.

Higtoricdly, juvenile spring-run chinook salmon began their downstream emigration & a variety of ages
and szes. Studies by Craig and Townsend (1946) in 1941 indicated that juvenilesin the North
Santiam River began moving downstream in March, soon after emergence. There appeared to be a
more or less continuous emigration through the summer and autumn, with none of the previous year's
juveniles being present in the tributaries by March of the following year. Andysis of scales from adults
returning to the North Santiam indicated that approximately 10% (6 of 65 fish) had entered the ocean
as subyearlings (Mattson 1962).

Genetic analysis of naturdly produced juveniles from the North Santiam River indicated that the fish
were most closdly related (athough sill significantly digtinct (P>0.05) to other naturdly- and hatchery-
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produced spring-run chinook from the Upper Willamette and Clackamas Rivers (Myer et d. 1998).

Spring-run chinook salmon are native to the South Santiam River. Egg collection activities began in
1923 with aweir placed across the river near the town of Foster (Wallis 1961). River conditions did
not alow the welr to be put in place until June and it is possible that a consderable portion of the run
had aready moved upstream at that time. Furthermore, Wallis (1961) noted that the inefficient
operation of welr often dlowed a number of adultsto move upstream. Additiondly, in some yearsthe
welr was not put in place. The weir was Stuated well below the natura holding and spawning aress
(Mattson 1948). Escapement to the South Santiam River was estimated to be 1300 in 1947 (Mattson
1948). Walis (1961) estimated that because of poor husbandry practices, releases from the South
Santiam Hatchery did not significantly contribute to escapements.

Thereislittle higtoricd information on the life history characterigtics of spring-run chinook samon from
the South Santiam River. Juvenile studies by Craig and Townsend (1946) indicated that there was a
more or less continuous downstream migration of fish from the time of emergence through the winter.
Other life history characterigtics are assumed to be smilar to other populationsin the Upper Willamette
River Bagn.

In 1966 Foster Dam (RKm 77; Figure 13) blocked access to nearly al historical spring-run chinook
sdmon spawning areas (Middle Santiam River, Quartzville Creek, and South Santiam River; Mattson
1948). The South Santiam Hatchery currently collects broodstock from atrap near the base of Foster
Dam. With theloss of nearly dl of their historica spawning habitat spring-run chinook saimon in the
South Santiam River have become dependant on artificial propagation for their sustainability. ODFW
(1995) considered that the naturdly-spawning populations in the South Santiam River were “probably
extinct”. 1n 1998, there were 166 spring-run chinook salmon redds observed in the South Fork;
however it ismost likely that these are the progeny of hatchery produced spring-run (Lindsay et d.
1999). Fdl-run chinook sdlmon are also present in the Santiam River Basin, but the spring-run and fal-
run chinook salmon generally appear to be spatialy and temporally separated on the spawning grounds.

Spring run chinook salmon are native to the McKenzie River Basin. Higtorica natural spawning areas
include: maingtem McKenzie River, Smith River, Lost Creek, Horse Creek, South Fork, Blue River,
and Gate Creek (Mattson 1948, Parkhurst et a. 1950). Currently, thisisthe primary population above
Willamette Fdls to sustain ardatively high leve of naturd production. Mattson (1948) estimated that
there were 4,780 adults returning to the McKenzie River, and that this congtituted 40% of the entire run
above the Willamette Falls. The McKenzie River Hatchery (RKm 52), which began egg taking
operationsin 1902, obtained a peak collection of 25,100,000 eggsin 1935 (Wallis 1961), from an
estimated 7844 femaes (@ 3200 eggs per femae). In 1998, an estimated 1415 “wild” and 459
hatchery spring-run chinook salmon were counted at Leaburg Dam (RKm 56; Figure 14), while 1690
spring-run adults were collected a the McKenzie River Hatchery (4 Km downstream of the dam)
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(Lindsay et a. 1999, ODFW 1999). Furthermore, 113 redds were observed below Leaburg Dam
(Lindsay et a. 1999). ODFW (Kostow 1995) has eliminated introductions of hatchery reared
juveniles above Ledburg Dam, in an effort to improve the surviva of naturdly produced juveniles.

The congruction of the Cougar Mountain Dam (RKm 101) in 1963 eiminated 56 Km of spawning
habitat on the South Fork McKenzie River. USFWS (1959) estimated the escapement of spring
chinook above the future location of Cougar Dam to be 4,000 fishin 1958. The Blue River Dam
(RKm 88) prevented access to an additional 32 Km of spawning habitat. The Eugene Water and
Electric Board (EWEB) power station and associated water diversons at Leaburg began power
production in 1910 and Leaburg Dam was constructed in 1930. The Leaburg and Walterville (RKm
40) water diverson cands operated for years without effective screening to prevent juvenile
entrainment. Improved screening on the Leaburg diverson wasindaled in 1985. However, the
Wadterville diverson cand currently takes gpproximately one-third of the maingdem McKenzie River
water through an unscreened headworks.

Spring run chinook sdlmon in the McKenzie River higtoricaly began spawning in mid-August through to
mid-October, with peak spawning occurring around September 10 (Williset d. 1995). Mattson
(1963) reported that afemale was spawned as early as 14 August a the McKenzie River Hatchery in
1935. Furthermore, stream surveys in the McKenzie indicate that redds are observed as early as 15
August and as late as 20 October. Juveniles are observed moving downstream beginning in February
and continuing throughout the year (Craig and Townsend 1946; Cramer et d. 1996). Anadyss of
scales from adults returning to the McKenzie River in 1947 indicated that 13.5% (8/59) had entered the
ocean as ubyearlings. Currently, outmigration of spring chinook occurs primarily in the spring and fall.
Lichatowich (1999) suggested the summer emigration period of juveniles has been lost because of
habitat degradation (i.e. loss of channel complexity and dtered water temperatures).

Genetic andyss of naturdly produced juveniles from the McKenzie River (Figure 1) indicated that the
naturaly produced fish were most closdly related to (athough till Sgnificantly digtinct from (P>0.05))
other naturaly- and hatchery-produced spring-run chinook from the Upper Willamette and Clackamas
Rivers (NMFS 1998).

Prior to congtruction of mgor dams on Willamette tributaries, the McKenzie produced 40% of the
soring chinook above Willamette Falls and it may now account for haf the production potentid in the
Basin. Despite dam construction and other habitat degradations, the McKenzie still supports subgtantial
production with most of the better quality habitat located above Leaburg Dam. The interim escapement
objective for the area above the Dam is 3,000-5,000 spawners (ODFW 1998a). Prigtine production
in that area may have been as high as 10,000, athough substantia habitat improvements would be
required to again achieve pristine production levels. Estimates of the number of naturad-origin soring
chinook returning to Leaburg Dam are available since 1994 when adults from releases of hatchery
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reared smolts above the dam were no longer present. The number of natura-origin fish a the Dam has
increased steadily from 786 in 1994 to 1,458 in 1999 (Figure 16). Additiona spawning in areas below
the Dam accounts for approximately 20% of the return to the McKenzie subbasin.

The Middle Fork of the Willamette River higtorically supported alarge population(s) of spring-run
chinook salmon. Higtorically, there were large spawning aggregationsin Salmon Creek, North Fork
Middle Willamette River, mainsem Middle Fork Willamette River, and Sat Creek (Mattson 1948,
Parkhurst et d. 1950; Figure 15). The congtruction of Lookout Point and Dexter Dams (RKm 328) in
1953 eliminated access to dmost 345 Km of salmon habitat (Cramer et a. 1996). Based on egg
collections at the Willamette River Hatchery (Dexter Ponds) (1909-present), the largest egg collection
of 11,389,000 in 1918 (Wallis 1962) would correspond to 3559 females (@ 3200 eggs/femae).
Mattson (1948) estimated the run size to the Middle Fork Willamette River to be 2,550 in 1947.
During the congtruction of Dexter and Lookout Dams, when access to the spawning grounds was
completely blocked, 4391 adults were taken in 1953 and 4,334 in 1955 (Wallis 1962). Currently,
thereislittle natura production in the Middle Fork Willamette River. ODFW (1995) determined that
the naturaly spawning population in the Middle Fork Willamette River is extinct, dthough there may be
some natura production in Fall Creek during high flow years. 1n 1998, only 10 redds were observed
below Dexter Dam, compared with 8,891 adults that returned to the hatchery trap below the dam
(Lindsay et d. 1999).

Studies of the emigration of juveniles from the Middle Fork in 1941 indicated that downstream
migration occurred on amore or less continuous basis from March through the autumn (Craig and
Townsend 1946).

Genetic andysis of naturdly produced juveniles from the Dexter Ponds trap (Figure 1) indicated that
the fish were most closdly related to (dthough gill significantly (P>0.05) digtinct from) other naturally-
and hatchery-produced spring-run chinook from the Upper Willamette and Clackamas Rivers (Myers
et a.1998).

The MoaldlaRiver islocated 50 Km from the mouth of the Willamette River above Willamette Falls
Surveysin 1940 and 1941 recorded 882 and 993 spring-run chinook salmon present (Parkhurst et d.
1950). Craig and Townsend (1946) collected a number of juveniles moving downstream from the
MolalaRiver. Mattson (1948) estimated the run size to be 500 in 1947. ODFW (1995) determined
that the naturaly spawning population in the Moldla River was extinct, dthough efforts are currently
underway to reestablish naturd production.

Surveysin Abiqua Creek, atributary to the Pudding River, which flows into the Moldla River, in 1940

observed 250 spring-run chinook salmon (Parkhurst et a. 1950). ODFW (1995) determined that the
naturaly spawning population in Abiqua Creek was extinct.
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A smdl run of spring chinook saimon higtoricaly existed in the Calgpooia River. Parkhurst et Al.
(1950) reported that the run size in 1941 was approximately 200 adults, while Mattson (1948)
estimated the run at 30 adultsin 1947. ODFW (1995) considered the run in the Caapooiato be
extinct, with limited future production potentid.

Fal chinook are not indigenous to the Willamette Basin above Willamette Fals. However, fdl chinook
have been introduced into the areas above the Falls. These fish were not included in the listed chinook
ESU. Reeases of hatchery fal chinook was terminated in 1995 and the last adult returns generaly
completein 1999. The abundance of fal chinook at the Fals has been approximately 2,000 to 3,000
fishin recent years. Thereturns of fal chinook in future years should decrease snce no hatchery fish
have been released recently.

3.2.2 Steelhead

No estimates of abundance prior to the 1960's are available for the winter steelhead ESU. Recent run
size of winter sedhead can be estimated from counts at Willamette Falls, dams, and redd observations.
Summer steelhead have been introduced into the Upper Willamette River and return primarily to the
North and South Santiam, McKenzie, and Middle Fork rivers. Winter sedlhead in the Clackamas
Subbasin (bdow Willamette Fdls) are part of the Lower Columbia ESU.

Willamette Falls Winter Steelhaad
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Figure 17. Counts of winter sedlhead at Willamette Fals. The early
run is from November 1- February 15 and represents primarily non-
indigenous Big Creek stock. Thelate run isfrom February 16- May
15 and represents primarily indigenous stock.
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Figure 19. Counts of winter steelhead at Foster
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Figure 20. Counts of winter steelhead in the
MoldlaRiver. Daafrom Chilcote (1998).

58

July, 2000
Nort~ Cartier Siver Ste dhead

o N\
10 N =N \ﬁ\\’.

DT TTTTTTT T I T I T I T T T I TTT 1T TTT]
‘971 177 =) 1085 ‘53

o

Wid stzalaead

Ilafbey c-ealzad
Figure 18. Counts of winter stedhead in the

North Santiam River. Datafrom Chilcote
(1998).

S, Saniam Wihizr Steelhend helww Fost zr 3amn

ol
24l
%30
& N
- I N
w

16 N \

. / \

‘571 1577 1583 13 =6
Whdstiehzad

m— mm g cher f sledheas

Figure 21. Counts of winter steelhead below
Foster Dam on the South Santiam River. Data
from Chilcote (1998).



59

July, 2000



July, 2000

C A Apeces o Wit st Hh e

nobB o R
L1 5

—
=
1

Spawngre pier nlly

GCTTTTTTT I TTI T I T T T T ITT T 11T
1371 1977 1433 12 19665

Nid stezl wal
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(1998).

Summer steelhead are not indigenous to the Willamette Basin above Willamette Falls. Summer
steelhead were introduced above the Fals. These fish are not included as part of the listed steelheed
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Figure 22. Counts of summer seclhead at Willamette Fals, Foster Dam on the
South Santiam River, and Leaburg Dam on the McKenzie River. Datafrom
ODFW (1998)(Foster report at Falls).
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ESU. Thereturn of summer steelhead has been relaively large since the early 1980's (Figure 19,
Figure 22). This production is supported primarily by the release of hatchery fish.

4 Environmental Basdine

The *“environmenta basdine’ for Biologicd
Opinionsis defined in the ESA section 7
implementing regulations as.

Summary of Environmental Basdine

All four of the“H's” have sgnificantly
impacted listed spring chinook and
winter sedhead and their habitat in the
Willamette Basin.

The condruction of flood control dams
has eliminated a substantial proportion
of the higtoric habitat.

The quantity and qudlity of the
remaining spawning and rearing habitat
has been sgnificantly degraded.

“the past and present impacts of al
Federa, State, or private actions and
other human activitiesin an action areg,
the anticipated impacts of al proposed
Federal projectsin an action areathat
have dready undergone forma or early
section 7 consultation, and the impact of
State or private actionsthat are
contemporaneous with the consultation in
process.” (50 CFR 8402.02).

The ESA Section 7 Consultation Handbook (USFWS and NMFS 1998) further states that the
environmental basdineis

“an andysis of the effects of past and ongoing human and naturd factors leading to the current
datus of the species, its habitat (including designated critical habitat), and ecosystem within the
action area. The environmental basdlineis a“sngpshot” of a species hedlth at a gpecified point
intime”
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These definitionsilludrate that the environmenta basdine is more than the current condition of physicd
habitat within the action area. The environmentd basdline is the progression of the physicd, chemicd,
and biologica conditions over time within the action areatha has resulted in the current status of the
listed gpecies. Past and present human and natural factors influence these conditions, causing them to
change over time. In this consultation, the environmental basdine is described in terms of how these
conditions have changed in response to human activities over the last 150 years. This section thus
includes descriptions of past conditions, based on available scientific information, aswell as how these
conditions have been modified or transformed by human activitiesinto current conditions.

4.1 Artificial Propagation

Artificial propagation programs started in the late 1800'sin many riversin efforts to increase the runs of
sdmon and stedhead in the Willamette River Basin. Hatchery programs have likely adversely affected
the indigenous stocks from introduction of out of basin stocks, genetic introgression, and mining the
natura population for broodstock. Myers et a. (1998) reported that from 1902 to 1994 over 706
million chinook salmon have been released into the Upper Willamette Basin. Approximatey 29% of
thistotal were chinook brought in from areas outsde of the Willamette Basin.

Current hatchery programsin the Willamette Basin were initiated to mitigate for the substantid habitat
loss and degradation associated with the construction and operation Federal and non-Federal damsin

Will arn=tte Spring C hinapk
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Figure 24. Harvest rates of Willamette River spring chinook in
ocean and freshwater fisheries. Brood years 1991-93 are
incomplete for al age groups. Freshwater harvest rates do not
include fisheriesin the tributari60f6t2he Willamette River.
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the Willamette Basin (see section 4.4). Most of the current hatchery programs have been in existence
sncethe 1950's. The run of spring chinook is currently predominately hatchery fish with naturaly
produced fish estimated to be approximately 10% of the annud return (ODFW 2000). The continuous
high number of hatchery fish on the spawning grounds is suspected to have resulted in the
homogenization of the remaining indigenous stocks in the Upper Willamette (Nicholas et d. 1995).
Hatchery practices may have dso contributed to the change in spawn timing of spring chinook.
Higtoricaly, spring chinook spawned from July through late October. However, current spawning
occurs primarily in late September (Lindsay et d. 1997, 1998, 1999). The presence of hatchery
chinook has dso sugtained high harvest ratesin freshwater fisheries which has dso impacted naturd-
origin oring chinook (Figure 24).

Emphasis on artificid propageation to mitigate the impacts of habitat |oss and degradation has further
accderated the decline in naturaly spawning populations due to harvest effects on the less numerous
naturd-origin fish. Furthermore, emphasis on maximizing artificia production during the first haf of the
1900s led to the mining of naturally-produced spawners, delayed or blocked passage to historica
spawning grounds by hatchery weirs, and the exchange of eggs among hatcheriesin the Upper
Willamette River Basin to fill capacity. Much of the between-population genetic diversity was probably
eliminated through egg exchanges among hatcheries.

Hatchery fish have d o affected native winter steelhead in the Willamette Basin. Summer stedlhead
have been introduced into the Upper Willamette River. However, it is unknown how successtully these
fish have produced naturd offspring. Winter sedhead from the Lower Columbia River (Big Creek
stock) have dso been introduced in the Upper Willamette Basin. These fish have an earlier run timing.
However some introgression of this stock is likely to have occurred in the native winter steelhead
populations. In recent years the hatchery program for winter steelhead in the Upper Willamette River
ESU has been terminated.

4.2 Fisheries

Sdmon and sted head in the Willamette River have supported many commercid and recregtiona
fisheries which contributed to their decline. In the past, harvest of natura-origin spring chinook and
winter seelhead was permitted. However, recently fisheries management has focused on protecting
natura-origin stocks and more conservative fishing regimes have been implemented.

In the past, cumulative harvest rates of spring chinook in ocean and freshwater fisheries has been high
(Figure 24). Until recently spring chinook were subjected to rdatively intense commercid and
recregtion fisheries in the lower Columbia and Willamette rivers that were directed primarily at the
abundant hatchery-origin fish. Termind area exploitation rates have been on the order of 40-50% in
past years. Fishery objectivesin the Willamette River have aso changed to emphasize the protection of
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naturd-origin fish. The State of Oregon is developing a Fisheries Management and Evauation Plan
under NMFS' 4(d) Rule for the management of chinook fisheriesin the Willamette River. This
management plan will specify the harvest regime for spring chinook and must be approved by NMFS
for coverage under the ESA. Oregon has dready been mass marking chinook salmon in recent years
and intends to manage termind area recregtiond fisheries in the near future requiring the release of al
unmarked, naturaly-produced fish. The marked fish will fully recruit to the termind fishery in the year
2002. Once the marked fish are fully recruited to the fishery, it is expected the Lower Willamette
fishery can be managed for sdlective harvest of hatchery fish while limiting mortdity of naturd-origin fish
to 5to 10% of therun (Lindsay et d. 1999b).

Because of their ocean migration distribution, Upper Willamette River soring chinook benefit rdlatively
little from the Pacific Sdlmon Treaty (PST) agreement (NMFS 1999 PST biop). Upper Willamette
chinook are afar north migrating stock and so are caught primarily in Southeast Alaska (SEAK) and
North Coast British Columbia (NCBC) fisheries. Becausethey are an early returning spring stock,
they tend to be missed by more southerly ocean fisheries off West Coast Vancouver Idand and the
Washington coast. The total exploitation rates for the 1982-1992 brood years averaged 62%. The
average exploitation rates under the PST conditions are unchanged. The average exploitation ratesin
the SEAK and NCBC fisheries under base conditions was 17% with virtualy dl of the remaining
harvest occurring in the termind areafisheries.

Winter steelhead are caught primarily in freshwater recreationd fisheriesin the Lower Columbiaand
Willametterivers. Prior to the early 1990's, natura-origin winter steelhead could be harvested. Since
then, dl returning hatchery steelhead have been externdly marked and fishing regulations require the
release of al unmarked adult steelhead. Tota mortality from fishing has been reduced from previous
levels. Currently, mortdity of listed winter sedhead islikdly to be less than 5% of the returning run; the
mortality associated with catch and release fishing. Since 1997, Oregon has further reduced fishing
impectsto juvenile winter seelhead in the Upper Willamette ESU by not dlowing the retention of
unmarked trout, diminating put and take hatchery trout fisheries in streams, and prohibiting the use of
bait while angling during the generd trout season. This changeswill likely reduce the mortaity of
juvenile steethead. In addition, the hatchery steelhead program using Big Creek stock (non-ESU) has
been diminated to reduce incidentd fishing mortality on listed stedhead and genetic introgresson of this
stock into the indigenous steelhead populations.

Impacts to listed species from fisheries has been reduced substantidly since 1996. However, the

benefits of these changes has not yet been redized. 1t is expected that listed populations will increase in
abundance if fishing has been alimiting factor.

4.3 Development and Operation of Flood Control Dams
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Figure 25. Comparison of the magnitude and frequency of
floods before dam development and under current dam
regulation a four locations on the maingem Willamette River.
Flood events that, on average, recurred every 10 years
during pre-dam development, now recur at alower
meagnitude every 100 years (Data from Benner and Sedell
1997).

The condruction and operation of the Federd flood control damsin the Willamette Basin has
sgnificantly influenced the status of listed species and their habitat. Because the flood control dams
have affected the distribution, life history, and habitat of listed speciesin such a significant manner, it is
separated from the general “Habitat Alteration” section discussed below.

From 1952 to 1968, the Corps constructed 13 dams on al of the mgjor east Side tributary streams to
the Willamette River above the Falls, blocking over 400 miles of stream habitat previoudy accessible to
spring chinook salmon and winter steethead (ODFW and WDFW 1999). Most of the dams do not
have fish passage or the facilities are inadequate for unimpeded passage upstream and downstream.

Mattson (1948) conducted an evauation of the percentage of the spring chinook run in the Willamette
Basin that utilized areas above where the Corps dams were proposed to be built. Mattson estimated
that over 48% of the spring chinook run in 1947 would be eliminated from the proposed dams.
Subsequently, the dams were built and eliminated most of the historic habitat for spring chinook.
Mattson estimated 100% of the spring chinook run to the Middle Fork Willamette would be eiminated
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from the congtruction of Dexter and Fall Creek dams (Figure 15; no fish passage). Inthe McKenzie
Subbasin, the dams were constructed in the headwaters and blocked access to only 2% of the
esimated run to the McKenzie. Thisislikely the reason why the McKenzie Subbasin sill supports
relatively high production of chinook. However, the importance of the South Fork McKenzie River for
spring chinook production, which was blocked by the congtruction of Cougar Dam, was not fully
recognized by Mattson (1948). USFWS (1959) estimated aloss of 4,000 adult spring chinook from
Cougar Dam. In the South Santiam, Mattson estimated 85% of the run to this subbasin would be
eliminated by the proposed dams. However, Foster Dam (Figure 13; inadequate fish passage) was
constructed below the lowermost dam Mattson eval uated and consequently the habitat lost would likely
exceed 85%. In the North Santiam Subbasin, the congtruction of Big Cliff and Detroit Dams (Figure
12; no fish passage) blocked access to more than 70% of the habitat used by spring chinook. In the
Clackamas Subbasin, Cazadero Dam blocked upstream passage from 1917 to 1939. Subsequently,
fish passage facilities were developed to dlow adequate upstream passage. The pring chinook
population remained at relatively low levels until Clackamas Hatchery started releasing spring chinook
inthe mid 1970's. The run subsequently increased to the current levels.

In addition to the eimination of the mgority of anadromous fish habitat, the operation of the dams has
sgnificantly affected the life higtory, digribution, and surviva of the remaining naturd-origin populaions
of spring chinook. The occurrence and magnitude of floods events has been sgnificantly dtered in the
Willamette Basin (Figure 25). This change has implications to nutrient input, stream habitat dynamics,
and the survivd of juvenile fish. Current flow regimesin the Willamette Basin are counter to the natura
regimes observed higtoricaly. Winter and spring water releases from the dams are warmer and of
lower discharge, which has acceerated egg development and fish emerge earlier than what occurred
higoricaly. Summer flows are higher and cooler than historicdly. In the fall, flows are rdatively high
because the dams are being drawn down in preparation for the next years winter run-off into the
reservoirs.

NMFSis currently in consultation with the Corps on the operation of their 13 flood control damsin the
Willamette Basin. It islikely there will be some modifications to the operation of the damsto improve
the surviva of listed spring chinook and winter stedlhead and the condition of their existing habitt.

Mitigation hatcheries were built to offset the substantia habitat 1osses resulting from dam congtruction
and, as aresult, 85%-95% of the production in the basin is now hatchery origin fish (see section 4.1).
Given the extensve network of damsin the basin, extensve habitat degradation, and past harvest rates,
itislikely that mog, if not dl, of the remaining populations would have been diminated had it not been
for the hatchery programs.

4.4 Habitat Alteration
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Fgure 26. Example of the changesin channel morphology of the Willamette-River from
1854 to 1967 (From Sedell and Froggatt 1984).

In generd, human influences associated with forestry, farming, grazing, road construction, mining, and
urbanization have dl contributed to the decline of the listed species and their habitat. The combined
effect of multitude of habitat degradations often poses the greatest risk and greatest chalenge to species
recovery because they are often the result of multiple dispersed actions, each of which must be
addressed. Additiondly, habitat degradations by their nature can only be remedied over time asthe
affected systems dowly recover their properly functioning condition.

Asdiscussed in section 4.3, asignificant mgority of the historic habitat has been diminated by dams.
The remaining habitat available for anadromous fish occurs primarily in the lowland areas of the
Willamette Valey. Mogt of the valley floor in privately owned (PNERC 1998) and has been converted
to agricultura use, with Douglas fir and Oregon white oak stands present in less-developed areas
(Figure 27). Irrigation is commonly employed, and stream flows, especidly in the southern portion of
this region, can be sgnificantly affected. Agricultura and livestock practices contribute to soil eroson
and fertilizer/manure depostion into stream systems.

Channd dterations (bank hardening, channel downcutting, dredging, and isolating doughs with cut-off
dams) have resulted in the smplification of the once highly braided river system (Figure 26). Seddl and
Froggatt (1984) reported from 1870 to 1950, over 65,000 snags and streamside trees were pulled and
cut up dong the maingem Willamette River. Thisremova of woody debris represented an average of
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Figure 27. Changesin vegetation dong the Willamette River from 1852 to
1986 (From Benner and Sedell 1997).

550 snags per river kilometer. The average size of these snags ranged between 30-60 m in length and
0.5-2min diameter. The cottonwoods were the largest and were often 50 m long and 2 m in diameter.

Water quality isimpacted by agricultura and urban activities. Many water quality problems are
exacerbated by low water flows and high temperatures during the summer. Pulp and paper mill
discharges of dioxin into the Columbia and Willamette Rivers were cited as another water quaity
concern, athough this Stuation has been much more serious in the past (Wentz et d. 1998).
Agriculturd and urban operations have led to increases in pesticides, nutrients, trace e ements, and
organic compounds in the streams where anadromous fish resde. In addition, aSx mile stretch of the
Lower Willamette River near Portland has been proposed as afederal Superfund site by the
Environmental Protection Agency.

In the early 1920s water tests by local and state agencies indicated the that much of the lower
Willamette River was heavily polluted by both municipa and industrid (primarily pulp and paper
industries) wastes. A 1929 survey concluded that during summer low flow conditions, the dissolved
oxygen levelsin the lower Willamette River dipped to levels a or below 0.5 PPM (Gleeson, 1972).
Furthermore, these conditions continued for an additiona 30 years before there was any detectable
improvement in water conditions (Gleeson, 1972).

Higtoricdly, spring chinook populations existed in the smaller subbasins of the Willamette, such asthe
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Molalla, Pudding, Thomas Creek, Crabtree Creek, Wiley Creek, Coast Fork, and Row River
(Nicholas et a. 1995). Habitat loss and degradation are the primary factors leading to the extinction of
these natura-origin populations and currently limits the reestablishment chinook in these areas (Nicholas
et d. 1995). However, in the future with substantially reduced harvest rates and improved artificia
propagation techniques, reintroduction into these habitats might be feasible.

Due to the dgnificant changesin habitat qudity discussed above, the fish community has changed
dramaticdly in the Willamette Basin. An USGS study of weater qudity in the Willamette Basin (Wentz
et d. 1998) found fish community conditions that were characteristic of degraded and polluted systems
and ranked among the poorest 25 percent of streams sampled in the U.S. by the Nationa Water
Quadity Assessment program. At one of the agricultural Stes sampled in this sudy (Moldla Subbasin),
99% of the fish were non-native, pollution tolerant species and 61% of the fish exhibited externa
anomalies (Wentz et d. 1998).

4.5 Human Population

The expandon of the human population in the Willamette Valey can directly affect mog, if not dl, of the
factors affecting listed species and their habitat. Since the colonization of the Columbia River Basin by
Euro-Americans, the Willamette Vdley has been asignificant location for settlement. Prior to 1850,
approximately 95% of the 13,000 people thet lived in Oregon were in the Willamette Valey (PNERC
1998). Since the 1860's Oregon’s population has increased exponentidly. As of 1990, approximately
70% of Oregon’'s 2.7 million people resided in the Willamette Valey (PNERC 1998). The human
population in the Willamette Vdley is projected to continue to increase exponentidly in the near future.
This has sgnificant direct and indirect implications to listed species and the quantity and qudity of their
current habitat.

4.6 Natural Conditions

Changes in the abundance of sdmon populations are affected subgstantialy by variaions in freshwater
and marine environments. For example, large scae changes in dimatic regimes, such as El Nifio, likey
affect changes in ocean productivity. Much of the Pacific coast was subject to a series of very dry
years during the first part of the decade which adversdy affected some the populations. In more recent
years, severe flooding has adversdly affected other socks. The low fish runs observed recently may
gtill be attributed to the 100 year flood events observed in the basin in 1996.

Chinook salmon are exposed to high rates of natura predation, particularly during freshwater rearing

and migration stages. Ocean predation likely aso contributes to sgnificant naturd mortdity, adthough
the levels of predation are largely unknown. In genera, chinook are prey for pelagic fishes, birds, and
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marine mammals, including harbor sedls, sealions, and killer whaes. There have been recent concerns
that the rebounding of sed and sea lion populations, following their protection under the Marine
Mammd Protection Act of 1972, has resulted in substantia mortdity for sdmonids. In recent years,
for example, sealions have learned to target spring chinook and stedhead at Willamette Falls and have
gone so far asto climb into the fish ladder where they can easly consume migrating anadromous fish.
In the Columbia River estuary, colonies of terns and cormorants have increased sgnificantly in
abundance because of human related factors. It has been estimated that these colonies consume
millions of the smolts that enter the estuary.

A key factor that has substantidly affected many west coast sddmon stocks has been the genera pattern
of long-term decline in ocean productivity. The mechanism whereby stocks are affected is not well
understood. The pattern of response to these changing ocean conditions has differed between stocks,
presumably dueto differencesin ther timing and digtribution. 1t is presumed that ocean survivd is
driven largely by events between ocean entry and recruitment to a sub-adult life stage. Oneindicator of
early ocean surviva can be computed as aratio of coded wire tags (CWT) recoveries a age 2 relative
to the number of CWTs released from that brood year. Overdl, there has been a declining trend in
early ocean survivad since the 1970's with extremely low survivas observed in recent years.

Recent evidence suggests that marine surviva of samon species fluctuates in response to 20-30 year
long periods of either above or below average survivad that is driven by long-term cycles of climetic
conditions and ocean productivity (Cramer 1999; Figure 27) . This has been referred to as the Pacific
Decadd Oscillation (PDO). It is gpparent that ocean conditions and resulting productivity affecting
many of northwest sdlmon populations have been in alow phase of the cycle for sometime. Smolt-to-
adult return rates provide another measure of surviva and the effect of ocean conditions on saimon
stocks. The smolt-to-adult surviva rates for Puget Sound chinook stocks, for example, dropped
sharply beginning with the 1979 broods to less than half of what they were during the 1974-1977
brood years (Cramer 1999).  The variation in ocean conditions has been an important contributor to
the decline of many stocks. However, the surviva and recovery of these species depends on the ability
of these speciesto persist through periods of low ocean surviva when stocks may depend on better
quality freshwater habitat and lower relative harvest retes.

4.7 Expected Future Performance

The Upper Willamette River Basin has undergone substantia anthropogenic changesin the last 150
years. Loss of access to the mgority of the historica spring-run spawning grounds due to dam
congtruction, channdization of the mainstem Willamette River, and degradation in river water qudity
(especidly in the Willamette Valey) has lead to the decline in anadromous fish populaionsin the basin.

Although the amount of available spawning habitat was reduced by the congtruction of dams, the
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remaining habitat is largely unsuitable due to the thermd and hydrologica characteristics of the water
discharged from the base of the dam. Under exigting conditions it may be unreasonable to expect the
reestablishment of significant self-sustaining populations to North or South Santiam and Middle Fork
Willamette River Basins. Specific fish passage and habitat degradation factors may have led to the
extirpation of soring-run populationsin the Moldla, Pudding, and Cagpooia Rivers. Presently, these
same factors gppear to be limiting the probability of reestablishing sdf-sustaining populations.

Naturdly spawning late-run winter steelhead exist in anumber of mgor and minor tributaries to the
Willamette River. Populations exist in the North and South Santiam River Basns, with aremnant
population in the Caapooia River. Additiondly, there is a population in the Molala River, dthough this
may be descended from hatchery fish introduced from the North Santiam Hatchery. Small spawning
aggregations of unknown origin aso exigt in the Pudding, and Tudétin Rivers. Theloss of or
degradation in their oawning, rearing, and holding habitat smilarly affects sedhead and spring-run
chinook salmon.

Production within the existing habitat islikely to increase from that observed in the early 1990s. Itis
thought thet the Pacific Northwest is shifting into awet climatic regime which will likely increase
production of fish in the freshwater and ocean environments (LaNing; Figure 28). Recently, ocean
conditions have been less favorable for anadromous fish survival due to El Nino effects. The stream
environment is aso improving (higher sreamflows, etc) from the drought conditions that existed in the
late 1980's and early 1990's.
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5 Effects of the Actions

The standards for determining jeopardy are set forth in Section 7(8)(2) of the ESA as defined at 50
CFR 8402.02. Appendix B details how NMFS evaluates artificid propagation programsto determine
if lised ESUs are jeopardized. This section of the Biological Opinion applies those sandardsin
determining whether the proposed hatchery programs are likely to jeopardize the continued existence of
the ESUsligted in Table 2. Thisanayss consdersthe direct, indirect, interreated and interdependent
effects of the proposed actions and compares them againg the Environmental Basdline to determine if
the proposed hatchery programs will reduce agppreciably the likelihood of surviva and recovery of
these listed sdimon and steelhead in the wild by reducing the reproduction, numbers or distribution of
the listed ESU.

Multivariate ENSO Index for the 7 strongest

historic La Niifia events since 1949 vs. current conditions
T

g~ B~ —a— B4+
S -
—a— a3+

S——
--g--5958+

/""'“‘\] P L LT

/ ;75076
A isam | g

: 73074

Standardized Departure

{ 70I71
- A iawsn ] -
~Blagiag
¢ 54155
e -2
Last update: & Febryary 2000
oA CTRES Climate Pisgnostics
[v e = [v e =
C x = Q C x = Q =
[ = (o [ E = (o [
ik} [il} o
1 = = o & = - i) (]

Figure 28. Comparison of current ocean conditions (98/99 series) versus the strongest LaNina
eventssince 1949. Generdly, LaNina regimes represent ocean conditions more favorable for
anadromous fish surviva off the coagts of Cdifornia, Oregon, and Washington (NPPC 1999).
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The NMFS has published a technical memorandum entitled *Viable Samonid Populations and
Recovery of ESUS’ (McElhany et d. 2000) to help guide hatchery and harvest management decisons.
This concept provides guidance in determining the hedlth of salmonid populations based upon severa
biologicd parameters (abundance, productivity, spatid structure, and life history diversty).

The VSP concept is useful inthat it provides abassfor evauating artificia propagation in this
consultation based on the status of the listed populations. V SP establishes critica and viable threshold
levelsfor certain biological parameters. The critica thresholds generdly represents a sate where the
population is at relatively low abundance or productivity. Management decisons must be very
conservetive in order to aleviate additiond extinction risk to the population. At the viable threshold, the
population is functioning properly and at sdf-sustaining abundance levels. Management decisions could
be less consarvative because the population is hedthy and the risk of extinction islow. The thresholds
for abundance depends upon the specific ESU and historic information on distribution and abundance.
In generd, if population abundance is less than 500-5,000 per generation, thereis an increased risk of
extinction. If the generation length was four years, the annua spawner abundance at this critica level
would be in the range of 125-1,250 fish. At viable levels, abundance would range from 5,000 to
10,000 fish per generation.
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5.1 General Effects of Artificial Propagation Programs
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Figure 29. Diagram of the potentid effects to listed fish from the operation of artificia propagation
programs.

5.1.1 Broodstock Collection
Samonid broodstock required for hatchery programs are typicaly collected from volitiona returnsto

the hatchery or through use of aweir, or ladder-trap combination associated with a barrier, such asa
dam. These devices can effectively block the upstream migration of returning adult fish, forcing them to
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enter atrgp and holding area. Trapped fish are counted, and either retained for usein the hatchery or
released upstream of the weir or barrier to spawn naturaly. Fish can dso be released downstream to
enhance sport fishing opportunties.

In the Willamette Basin, the mgority of hatchery production is to mitigate for the loss of salmonid
production associated with the construction of dams. In most cases, broodstock are collected at dam
facilities, which are typicaly the uppermost point of distribution. Broodstock collection is required to
fulfill mitigation obligations

The potentid adverse impactsto migrating listed adult sdmon and steelhead from the use of weirs or
traps to collect broodstock include (1) delays in upstream migration, (2) rejection of the welr or
fishway structure, inducing spawning downstream of the trap (displaced spawning), (3) faling back
downstream after passing upstream of the weir, (4) injury or desth from attempts to jump the barrier
and (5) induced stress from handling (Hevlin and Rainey 1993, Spence et a. 1996). Negative effects
to ligted fish may dso include: physica harm that may result from capture and retention in the fish
holding area within aweir or trap, or from snagging, netting or seining methods used for certain
programs, harm that may result from delay in upstream migration, if the fish are reluctant to enter the
trap, or asaresult of capture and excessive holding durations, physica harm resulting from handling
prior to release upstream; damage or mortdity resulting from impingement on the face of walrs, if fish
released upstream of the weir attempt to drop back downstream; incidental, immediate mortdity
resulting from the above impacts, and increased susceptibility after release to displacement downstream
by current and to predation, as the fish recover from handling. Mog, if not al, of these impacts are due
to the physical presence and operation of the weir or trap.

Many of the potentid negetive effects can be reduced through the proper design and operation of the
welrs and traps (see Hevlin and Rainey 1993). The indtdlation and operation of weirs and traps for
broodstock collection are very dependant on water conditions at the trap site. High flowsin the spring
can delay the ingdlation of aweir and can make the trap inoperable during periods of high flows. A
welr or trap can potentially be operated in two modes: operate the trap continuoudy and collect up to
100% of the run, while passing those fish not needed for broodstock upstream to spawn naturdly; or
operate the weir for a number of days each week to collect broodstock, then operate the weir with the
panels lowered or the trap open to provide unimpeded passage for the rest of the week. The mode of
operation can be determined during the development of site-based broodstock collection protocols and
can be adjusted based on in season escapement estimates and environmenta factors.

By operating the weirs and traps as described above, the potentia impacts of weir regjection, fall back
and injury are reduced by alowing unimpeded passage for a period each week. To further reduce the
impacts of welr or trgp operation, trained hatchery personnd would be present at the facility to remove
debris, prevent poaching and ensure safe and proper facility operation. To reduce delay and handling
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gress dl fish encountered during broodstock collection should be held for aminima duration in the
traps, generdly lessthan 24 hours. Often it may be necessary to hold fish longer or remove them from
the spawning run as the hatchery weir or trap is used to remove stray fish or adjust the ratio of natura
to hatchery fish that are dlowed to spawn naturaly.

Other methods to collect adult broodstock for artificia production programs include the use of beach
seines, hook and line, gillnets and collection while snorkeling. All these methods can adversdly effect
listed fish through physicd injury, migrationa delay, changesin holding and spawning behavior and
increased susceptibility to predation and poaching. Some atificia production programs collect
juvenilesfor their source of broodstock. Programs can collect developing eggs or fry by hydraulicaly
sampling redds, or by capping redds to collected emerging juvenile fish (Y oung and Marlowe 1996,
Shaklee et al. 1995, WDFW et d. 1995, WDFW 1998 [1196 permit application] ). Seines, screw
traps and hand nets can aso be used to collect juveniles. Each of these methods can adversdly effect
listed fish through handling and harm to fish remaining in theriver. Juveniles collected with these
methods tend to be used for captive broodstock programs, reared to adults and spawned in a
production facility with the resulting progeny being reeased to migrate naturdly to the ocean (Hard et
al. 1992, NMFS 1999 [captive prop standards] Y oung and Marlowe 1996, Shaklee et al. 1995,
WDFW et d. 1995, WDFW 1998 [1196 permit gpplication] ). The collection of juvenilesfor
broodstock eliminates the potentid adverse effects of selection through artificial matings that can occur
when using adults for broodstock (NRC 1996).

The remova of adults from the naturally-spawning population has potentia adverse impacts, including
numerica reduction of the natura population (mining), selection effects, genetic effects (described
below) and remova of nutrients from upstream reaches (Spence et d. 1996, NRC 1996, K apusinski
1997). Sdection effectsinclude the intentiona and unintentiona salection of broodstock based on run
timing, age, morphology and sex ratio. Selection effects can potentidly change population
characteristics of the natura population as well as cause the hatchery-produced fish to diverge from the
naturally-produced population (see genetic effects below).

In some basins wild spring chinook populations are not replacing themsalves and are to the point where
extinction of one or dl of the extant runs gppears likdy without artificia production programs, and
assisted by changesin hydroelectric dam operations, harvest activities, and competing land use actions.
Risks to the donor wild populations, including numerica reduction and selection effects, are in some
cases subordinate to the need to expeditioudy implement the artificia production programs that will
prevent extinction of the populations and the ESU.  The operating agency can preserve remaining wild
populations and address numerica reduction and sdection effects through the implementation of one or
more of the following measures.

1 broodstock removas will be limited within the region through designation of "nonintervention”

76



July, 2000

aress where artificid production programs will not be gpplied. The designation of "non-
intervention" areas will prevent numerica reduction impacts to some of the region's populations;

1 for those areas where supplementation and/or captive broodstock programs will be gpplied, the
upstream escapement of a predetermined number of adults per population will be maintained as
aminimum leve for naturd spawning;

! remova of adult broodstock at traps for artificia production programs shal be random, and
representative of the run-at-large with repect to migration timing, age class, morphology, and
sex raio. Selection effects on that portion of each fish population alowed to spawn naturaly
will be minimized through these measures;

! natura production should be alowed to continue concurrent with the artificia production
programs by providing passage for or by releasng to spawn naturaly, a minimum number of
adult fish into naturd spawning areas within the basin; and

1 surplus and spawned-out salmon carcasses, should be considered for instream distribution to
increase nutrients into natural spawning areas, where appropriate.

Kapuscinski and Miller (1993) proposed guiddines for broodstock collection to address genetic
impacts that can result from broodstock selection effects. These include setting priorities for choice of
donor population based on three criteria. The criteriafor identifying the best donor population as
compared to the target population that will be supplemented are based on the greatest smilarity of the
two populationsin terms of (1) genetic lineage, (2) life-history patterns, and (3) ecology of the
originating environment. For restoration where the target population is extirpated the best choiceisa
neighboring population from an environment meeting the three criteriaabove. When augmenting a
population that is a a depressed leve, the best choice for broodstock is to use that population.

5.1.2 Genetics

A defining characterigtic of anadromous sdmonidsis avery high fiddity of returning adults to their natal
dreams. The ability of anadromous salmonids to home with great accuracy and maintain high fiddlity to
natd streams has encouraged development of localy adapted genetic characteristics which dlow the
fish to use specific habitats.

The genetic risks to naturaly-produced populations from hatchery propagation include loss of fitness,
reduction in the genetic variahility (diverdty) within and between populations, genetic drift, selection,
and domestication (Hard et al. 1992, Cuenco et a. 1993, NRC 1996, and Waples 1996).

The loss of genetic diversity among populations is the reduction in the difference in quantity, variety and
combinations of aleles among populations (Busack and Currens 1995). Theloss of genetic diversity
among populations is caused by the introduction of genes from outside the population (e.g. from
hatchery releases), at rates greater than what would occur naturdly. Thisintroduction can cause the
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loss of genetic uniqueness of the naturd population with a concurrent reduction in performance (fithess)
of the fish. Excessive gene flow into a population can reduce the fitness of individua populations
through outbreeding depression. Salmon popul ations adapt to the loca environment and this adaptation
is reflected in the frequency of specific dlelestha improve survivd in that environment. When gene
flow occurs, dldes that may have developed in a different environment are introduced into the
population and these new aleles may not benefit surviva. Another source of outbreeding depression is
the loss of combinations of aleles caled coadapted complexes. Gene flow can introduce new dldes
that can replace dldesin the coadative complexes leading to a reduction in performance (Busack and
Currens 1995). Out breeding depression from gene flow occurs when eggs and fish are transferred
between populations and/or when out of basin hatchery populations are released to spawn with the
locd population.

Evidence exigs for loca adaptation of sdmonid populations, but empirica data on outbreeding
depression in fish that involves anything but extremely distantly related populations is lacking (Busack
and Currens 1995). Pecific Northwest hatchery programs historicaly fostered the loss of genetic
divergty among popul ations through routine transfer of eggs and fish from different populations between
hatcheries to meet production needs. Release of hatchery fish into watersheds outside the origind
distribution of the introduced fish has aso resulted in gene flow above naturd levels, reducing diversity
between populations. Research based primarily on findings in the Kalama River, Washington for
summer-run steelhead has suggested that interbreeding between non-indigenous Skamania hatchery
sock stedhead (a highly selected, inbred stock) and native naturd-origin fish may negatively affect the
genetic diversity and long term reproductive success of natura-origin steelhead (Leider et a. 1990;
Hulett et d. 1996). Non-indigenous stock hatchery and native natura-origin steelhead crosses may be
less effective a producing adult off-spring in the natural environment compared to naturd-origin fish
(Chilcote et d. 1986; 1997). Qudifying the risks of hatchery introgression to naturd-origin fish,
Campton (1995) noted the need to digtinguish the biologica effects of hatcheries and hatchery fish from
indirect and biologically independent effects of human factors related to management. Hisreview of the
scientific literature for steelhead indicated that most genetic effects detected to date appear to be
caused by hatchery or fish management practices such as stock transfers and mixed stock fisheries on
hatchery and naturd-origin fish, and not by biologica factors intringc to hatcheries or hatchery fish
(Campton 1995). Loss of among population genetic diversity as aresult of these types of hatchery
practices has been documented for western trout, where unique populations have been lost through
hybridization with introduced rainbow trout (Behnke 1992). Phelpset d. (1994) found evidence for
introgression of non-native hatchery steelhead stock into a number of natura populations within the
southwest Washington region. However, in other areas where hatchery production has been extensive,
native steelhead genotypes have been shown to persist (Phelps et . 1994).

Therisk of loss of genetic variability among populations, and the potentia for and consequences of
outbreeding depresson, can be minimized through application of the following messures:
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1) hatchery programs should propagate and release only indigenous fish populations; 2) the transfers of
donor stock for reintroduction should be limited to avoid the Stuation that one or few stocks within an
ESU predominate; 3) hatchery populations should be acclimated to the watershed where the fish are
planted to ensure that propagated fish retain a high fidelity to the targeted stream; 4) loca adaptation
should be fostered by using returning spawners rather than the transferred donor population as
broodstock for restoration programs; 5) natura populations, representing significant proportions of the
exiging tota abundance and divergty of an ESU, should be maintained without hatchery intervention;
and, 6) al salmonids produced in hatchery programs should be visudly marked to dlow for monitoring
and evduation of straying and naturd pawning contribution of adult returns.

NMFS conducted a scientific workshop in 1995 which focused on the biologica consequences of
atificidly devated levels of straying into natura salmonid populations (Grant 1997). A key question
addressed in the workshop was how much gene flow can occur above natura levels and gill remain
compatible with long-term conservation of loca adaptations and diversity among populations. A vaue
of 5% gene flow is much higher than what generally occurs between natura populations and non-loca
populations and would quickly lead to replacement of not only neutral genes, but locally-adapted ones
aswell, based on what is known about selection in other animas (Grant 1997). NMFS notes that gene
flow is expected to be much less than the percentage of out of basin trays. Based on the current
science, NMFS has included a jeopardy standard for hatchery stray rates between ESUs to be
managed such that less than 5% of anaturaly spawning population conssts of hatchery fish from
another ESU (See Appendix B). Furthermore, whenever feasible, the percentage or number of non-
endemic adult srays into a particular population should be as low as possible to minimize genetic
introgression.

The standard for stray rates of hatchery fish from within an ESU, should be managed such that not
more than 5% - 30% of the naturaly spawning population consst of hatchery fish from within the ESU
(See Appendix B). Within thisrange, stray rates should be managed based on amilarity of the hatchery
population to the receiving natural population. For example, if the hatchery population is derived from
the recalving natural population and gets regular infusion of naturd fish in its broodstock, then strays
rates can be at the higher end of this range (dlthough lower rates are preferred). Conversdly, if the
hatchery population is derived from a population other than the receiving population, then strays should
be managed to the lower end of therange. Also, if the hatchery population is derived from the
receiving naturd population, but has been isolated, without regular infusion of naturd fish into the
broodstock, then it should be managed to the lower end of the 5% - 30% range.

Hatchery programs implemented for the specific purpose of enhancing the listed, naturally spawning
population may by their very design, provide for a greater proportion of hatchery fish in the naturaly
spawning population to reduce the demographic risks of extinction. The desired proportion of hatchery
fish in the spawning population must be specificaly detalled in the associated HGMP for such a
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program. In practice this proportion (or range) may be varied to experiment with the different
approaches.

Artificid propagation adso has the potentia to increase the risk of loss of within population genetic
diversity caused by inbreeding depression, genetic drift, or domestication sdection. Loss of within
populaion genetic diversity (varigbility) is the reduction in quantity, variety and combinations of dldesin
apopulation (Busack and Currens 1995). Quantity is defined as the proportion of an dldein the
population and variety is the number of different kinds of alelesin the population. There are generdly
two ways that within population genetic diversity can change, the firgt is random genetic drift and other
is through inbreeding. Random genetic drift occurs because the progeny of one generation represents a
sample of the quantity and variety of alelesin the parent population. Since the next generationisa
sample and not a copy of the parent generation, rare aleles could be logt, especidly in small
populations where the rare dldeisless likely to be represented in the next generation (Busack and
Currens 1995).

The other mechanism of changeisinbreeding, which isthe breeding of reaed individuas. Inbreeding
may not lead directly to changes in the quantity and variety of dlelesin a population but inbreeding
increases individua and population homozygosty. The homozygosity contributes to changesin the
frequency of phenotypes in the population which are then acted upon by the environment. If the
environment is selective towards specific phenotypes then the frequency of dlelesin the population can
change (Busack and Currens 1995). Wadman and McKinnon (1993) observed that genetic changes
in apopulation from inbreeding depression can result from the expresson of homozygous genotypes for
rare, harmful dleles that are normally hidden in the population of heterozygotes. These genetic changes
can aso come from lower performance of the population (fitness) since heterozygotes tend to perform
better than homozygotes.

It isimportant to note that empirica evidence for inbreeding depresson or substantia |oss of genetic
variability in any naturd or hatchery populations of Peacific sdmon or sedhead islacking (Hard and
Hershberger 1995, quoted in Myers et a. 1998). Genetic basdlines derived from alozyme data for
discrete populations were only recently developed (late 1980s), and no comparisons between “ pristing’
and existing hatchery population dlele frequencies are possible.

In hatchery programs the effective population Size can be used to identified potential sources of random
genetic drift. Smal effective population Sze in hatchery programs can contribute to genetic drift by the
use of small numbers of broodstock, using more femaes than males (or the dternative), pooling
gamates, changing the age structure and alowing progeny of some matings to have greater surviva than
alowed others (Gharrett and Shirley 1985, Simon et a. 1986, and Withler 1988 cited in Busack and
Currens 1995, Waples 1991, Campton 1995). Hatchery stocks have been found to have less genetic
diversty than wild populations (Weples et d. 1990) indicating the potentid for random genetic drift in
hatcheries. Theloss of genetic diversity within a hatchery population could be due to a genetic
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bottleneck, which occurs when only avery small number of fish are used for broodstock. Potentid,
negative effects of artificid propagation on within population diversty may be indicated by changesin
morphology (e.g. Bugert et d 1992) or behavior of sdmonids (e.g. Berijikian 1995). Busack and
Currens (1995) observed that it would be difficult to totally control random loss of within population
genetic diverdty in hatchery populations, but by controlling the broodstock number, sex ratios and age
gructure loss could be minimized.

The other mgor hazard of the artificia propagation of salmon is domedtication, which is the changesin
quantity, variety and combination of aleleswithin a captive population or between a captive population
and its source population in the wild that are the result of sdection in an artificid environment (Busack
and Currens 1995). Domestication is also defined as selection for traits thet favor surviva in an artificid
environment and reduce surviva in naturd environments (NMFS 1999). Domestication can result from
putting fish into an artificid environment for dl or part of ther lives. The artificia environment imposes
different sdlection pressures on the fish than would the natura environment. The concern is that
domestication effectswill decrease the performance of hatchery fish and their descendants in the wild.
Busack and Currens (1995) identified three types of domestication sdection (1) intentional or artificia
selection, (2) biased sampling during some stage of culture and (3) unintentiona sdection.

Reisenbichler and Rubin (1999) cite five studies indicating that hatchery programs for sedhead and
stream-type chinook (i.e. programs holding fish in the hatchery for one year or longer) geneticaly
change the population and thereby reduce surviva for naturd rearing. The authors report that
subgtantia genetic change in fitness results from traditiond artificiad production of anadromous
sdmonids held in captivity for one quarter or more of their life. Bugert et d. (1992) documented
morphologica and behaviora changes in hatchery spring chinook salmon released as yearlings reative
to natural adults, including younger age, smaller size, and reduced fecundity at adult return. Leider et d.
(1990) reported diminished survival and naturd reproductive success compared to native natural-origin
stedhead for the progeny of non-native hatchery steelhead in the lower Columbia River region. Poorer
aurviva for naturaly produced offspring of hatchery fish could have been due to long term artificid and
domestication sdlection in the hatchery steelhead population, as well as maadaptation of the non-
indigenous hatchery stock in the recipient stream (Leider et a. 1990). Chilcote (1997) reported a
strong negative correlation between the proportion of naturaly spawning hatchery steelhead and stock
productivity, through an examination of spawner-recruit relationships for 26 Oregon steelhead
populations. Bergikian (1995) reported that naturd-origin steelhead fry survived predation by prickly
sculpins (Cottus asper) sgnificantly better than sze-matched off-gpring of locally-derived hatchery
steel head which were reared under smilar conditions. Alteration of the innate predator avoidance
ability through domestication was suggested by the results of this study. However, Joyce et d. (1998)
reported that an Alaskan spring chinook stock under domestication for four generations were not
sgnificantly different from offspring of wild spawnersin the ability to avoid predation. The
domesticated and naturd-origin chinook groups tested aso showed smilar growth and survivd ratesin
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freshwater performance trias.

Artificid sdection is the attempt to change the population to meet management needs, such as sdecting
for time of return or gpawning time. The concern isthat hatchery fish sdected to perform wel ina
hatchery environment tend not to perform well when released into the wild, thisis due to the difference
between the hatchery and the wild populations. Potentia impacts to the wild population occurs when
the hatchery fish spawnsin the wild and the resulting performance of the wild population is reduced due
to outbreeding depression (Busack and Currens 1995). Domestication due to biased sampling
generaly occurs from error and can occur during any stage of hatchery operation. The selection of
broodstock is acommon source of biased sampling. In genera, broodstock sdlection should be random
but bias occurs when sdlection is based on particular traits. Genetic changes due to unintentional
selection can be caused by the hatchery environment which alows more fish to survive than compared
to the naturd environment.

There are fish culture practices and management sirategies that can be gpplied to minimize levels of
inbreeding and/or selection for characterigtics that are divergent from the natural population.
Mesasures to minimize the genetic differences between hatchery and naturd fish:

1 Adults used for broodstock can be randomly selected from throughout the natural population
migration, to provide an unbiased sample of the natura population with respect to run timing,
dze, age, X ratio, and other traits identified as important for long term fitness.

! Ensure that returning adults used as broodstock by a hatchery continualy incorporate natura -
origin fish over the duration of the program to reduce the likelihood for divergence of the
hatchery population from the natura population.

I Limit the duration of a supplementation program to a maximum of three sdmon generations
(approximately 12 years) to minimize the likelihood of divergence between hatchery
broodstocks and target natural stocks.

! Employ appropriate spawning protocols to avoid problems with inbreeding, genetic drift and
selective breeding in the hatchery (e.g. Smon et d. 1986, Allendorf and Ryman 1987, Gall
1993). Methodsinclude collection of broodstock proportionally across the breadth of the
natura return, randomizing matings with respect to Sze and phenotypic traits, gpplication of a
least 1.1 mde to femae mating schemes (Kapuscinski and Miller 1993), and avoidance of
intentiond selection for any life history or morphologicd trait.

! Use spawning protocols that equaize as much as possible the contributions of al parentsto the
next breeding generation.

! Use only naturd fish for broodstock in the hatchery each year to reduce the level of
domestication.

! Set the minimum broodstock collection objectives to dlow for the spawning of the number of
adults needed to minimize the loss of some dleles and the fixation of others (Kapuscinski and
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Miller 1993).

! Set minimum escapements for naturd spawners and maximum broodstock collection levelsto
dlow for at least 50% of escaping fish to spawn naturdly each year, to hep maintain the genetic
diversty of the donor natural population.

1 Use hatchery methods that mimic the naturd environment to the extent feasible (e.g. use of
substrate during incubation, exposure to ambient river water temperature regimes and structure
in the rearing ponds).

! Limit the duration of rearing in the hatchery by rdeasing a early life-stages to minimize the level
of intervention into the natura sdmonid life cycde, minimizing the potentid for domestication.

Measures to minimize the effects of interbreeding between hatchery and naturd stocks:

1 Release fewer or no hatchery fish.

! Reease hatchery fish only at the hatchery or at locations where they are unlikely to interbreed
with naturd fish when returning as adullts.

! Advance or retard time of spawning for hatchery fish, to minimize overlap in spawning time
between hatchery and naturd fish.

! Acclimate hatchery fish prior to release to improve homing precison.

1 Acclimate and release hatchery fish at locations where adults returns can be harvested at high
rates (harvest augmentation programs), locations awvay from natura production areas and sites
where returning adults can be sorted and removed from the spawning population.

More detailed discussons on the measures to implement these strategies can be found in Reisenbichler
(1997), Reisenbichler and Mclintyre (1986), Nelson and Soule (1987), Goodman (1990), Hindar et d.
(1991) and Waples (1991) among others,

5.1.3 Competition/ Density-Dependent Effects

Competition occurs when the demand for a resource by two or more organisms exceeds the available
supply. If the resourcein question (e.g. food or space) is present in such abundance that it is not
limiting, then competition is not occurring, even if both species are using the sameresource. Adverse
effects of competition may result from direct interactions, whereby a hatchery-origin fish interferes with
the accessibility of limited resources to wild fish, or through indirect means, asin when utilization of a
limited resource by hatchery fish reduces the amount available for wild fish (SIWG 1984). Specific
hazards associated with adverse competitive effects of hatchery sdmonids on listed wild salmonids may
include food resource competition, competition for oawning sites, and redd superimposition. Inan
assessment of the potentia ecological effects of hatchery fish production on wild saimonids, the Species
Interaction Work Group (SIWG 1984) categorized species combinations as to whether thereis a high,
low, or unknown risk that competition by hatchery fish will have a sgnificant negative impact on
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productivity of wild sdmonids in freshwater and nearshore marine aress.

Table 2. Risk of hatchery sdmonid species competition on wild sdlmonid speciesin freshwater areas
(SIWG 1984).

Wild Species
Hatchery
Species Steelh Pink Chum | Sockey | Coho | Chino
ead e ok
Y ___________________________________________ __________ ________________|
Steelh H L L L H H
ead
Pink L L L L L L
Chum L L L L L L
Sockey L L L L L L
e
Coho H L L L H H
Chino H L L L H H
ok

Note: “H” = High risk; “L” = Low risk; and “U” = Unknown risk of a significant impact occurrin

Table 3. Risk of hatchery salmonid species competition on wild salmonid speciesin nearshore marine
areas (SIWG 1984).

Wild Species

Hatchery

Species Steelhead Pink Chum Sockeye Coho Chinook
Steelhead H U U L U U
Pink U H H U U U
Chum U H H U U U
Sockeye L U U H U U
Coho U U U U H U
Chinook U U U U U H
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Note: “H” = Highrisk; “L” = Low risk; and “U” = Unknown risk of a significant impact occurring.
Adult fish

It is gpparent that sdmonids have evolved a variety of strategies to partition available resources
between species that are indigenous to a particular watershed. The addition of homing or straying adult
hatchery-origin fish can perturb these mechanisms and impact the productivity of wild stocks. For adult
sdmonids, impacts from hatchery/wild fish competition in freshwater are assumed to be greatest in the
spawning areas where competition for redd sites and redd superimposition may be concerns (USFWS
1994). Adult samonids originating from hatcheries can dso compete with naturd-origin fish of the
same species for mates, leading to an increased potentia for outbreeding depression, to the detriment
of the naturd-origin fish. Hatchery-origin adult sdmonids may hometo, or Stray into, natural
production areas during natura-origin fish spawning or egg incubation periods, posing an devated
competitive and behaviord modification risk. Returning or straying hatchery fish may compete for
spawning gravel, displace natura-origin spawners from preferred, advantageous spawning aress, or
adversdly affect listed salmonid surviva through redd superimpodtion. Superimposgition of redds by
smilar-timed or later spawners disturbs or removes previoudy deposited eggs from the gravel, and has
been identified as an important source of natural salmon mortdity in some areas (Bakkala 1970).

Recent studies suggest that hatchery-origin fish may be less effective in competing for spawning Sites
than naturd-origin fish of the same species, possibly indicating the effects of domestication selection in
the hatchery environment (Fleming and Gross 1993; Bergjikian et d. 1997). These studies were based
on comparisons of natura-origin salmonid adults and captive-brood origin hatchery fish. Hatchery-
origin sdmonid adults returning to spawn after aperiod of rearing in the wild may exhibit different
competitive effectiveness levels. Therisk of straying by hatchery-produced species may be minimized
through acclimation of the fish to their stream of origin, or desired stream of return. Homing fiddity may
be improved through the use of locally adapted stocks, and by rearing of the fish for an extended
duration (e.g. eyed egg to smalt) in the “home’ stream prior to release or transfer to a marine area net-
pen stefor further rearing. The risk of redd superimposition can be minimized through high remova
rates of the hatchery-origin fish, and by propagation and release of only indigenous species and stocks.
Indigenous-origin hatchery adults that are not removed upon return may be assumed to Hill carry traits
that foster tempora and spatid resource partitioning with naturdly spawning fish populations (see
SIWG 1984). Therisk of redd disturbance may therefore be minima with escapement of indigenous-
origin hatchery figh, if the home stream has the physicd characterigtics (e.g. stream flow, usable channe
width) that will dlow such partitioning at the time of spawning.

Juvenilefish

For samonids rearing in freshwater, food and space are the resourcesin demand, and thus are the
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focus of inter- and intra-pecific competition (SIWG 1984). Newly released hatchery smolts may
compete with naturd-origin fish for food and space in areas where they interact during downstream
migration. Naturd-origin fish may be competitively displaced by hatchery fish early in life, especidly
when hatchery fish are more numerous, of equd or greater size, and (if hatchery fish are rleased as
non-migrants) the hatchery fish have taken up resdency before naturdly produced fry emerge from
redds. Release of large numbers of hatchery pre-smoltsin asmall areais believed to have greater
potentia for competitive effects because of the extended period of interaction between hatchery fish
and naturd fish. In particular, hatchery programs directed at fry and non-migrant fingerling releases will
produce fish that compete for food and space with naturd-origin saimonids for longer durations, if the
hatchery fish are planted within, or disperse into, areas where natura-origin fish are present. A negative
change in growth and condition of naturd-origin fish through a changein their diet or feeding habits
could occur following the release of hatchery saimonids. Any competitive impacts likely diminish as
hatchery-produced fish disperse, but resource competition may continue to occur a some unknown,
but lower levd as naturd-origin juvenile sdmon and any commingled haichery juveniles emigrate
Sseaward. Hatchery-origin smolts and sub-adults can aso compete with natura-origin fish in estuarine
and marine aress, leading to negative impacts on naturd-origin fish in areas where preferred food is
limiting. Steward and Bjornn (1990) concluded that hatchery fish kept in the hatchery for extended
periods before release as smalts (e.g. yearling salmon) may have different food and habitat preferences
than naturd-origin fish, and that hatchery fish will be unlikely to out-compete naturd-origin fish.
Interactions with juvenile hatchery-origin sdmonids may lead to behaviora changesin listed naturd
sdmonids that are detrimenta to productivity and surviva.

Hatchery fish might dter naturd-origin sdmon habitat use and behaviord patterns, making them more
susceptible to predators (Hillman and Mullan 1989; Steward and Bjornn 1990). Hatchery-origin fish
may aso dter wild sdmonid migratory responses or movement patterns, leading to a decrease in
foraging success (Steward and Bjornn 1990; Hillman and Mullan 1989). In areview of the potentia
adverse effects of hatchery releases on naturd-origin sdlmonids, Steward and Bjornn (1990) indicated
that it was indeterminate from the literature whether wild parr face significant risk of displacement by
introduced hatchery fish, as awide range of outcomes from hatchery-wild fish interactions has been
reported. The potentia for negative effects on the behavior, and hence survivd, of natura-origin fish as
aresult of hatchery fish releases depends on the degree of spatial and tempora overlap in occurrence
of hatchery and naturd-origin fish. Therelative size of affected naturd-origin fish when compared to
hatchery fish, aswell as the abundance of hatchery fish encountered, dso will determine the degree to
which naturd-origin fish are digplaced (Steward and Bjornn 1990). Actud effects on naturd-origin fish
would thus depend on the degree of dietary overlap, food availability, Sze-rdated differencesin prey
selection, foraging tactics, and differences in microhabitat use (Steward and Bjornn 1990).

En masse hatchery sdmon smolt releases may cause displacement of rearing naturd-origin juvenile
sdmonids from occupied stream aress, leading to abandonment of advantageous feeding stations, or
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premature out-migration (Pearsons et d. 1994). Pearsons et a. (1994) reported displacement of
juvenile natura-origin rainbow trout from discrete sections of streams by hatchery steelhead released
into an upper Y akima River tributary, but no large scale displacements of trout were detected. Small
sca e displacements and agonistic interactions that were observed between hatchery steelhead and
natura-origin trout resulted from the larger sze of hatchery steelhead, which behaviordly dominated
most contests. They noted that these behaviora interactions between hatchery-reared steelhead did
not appear to have significantly impacted the trout populations examined, however, and that the
population abundance of natura-origin sdlmonids did not gppear to have been negatively affected by
releases of hatchery steelhead.

Competition between hatchery and naturd-origin salmonids in freshwater may only be of high risk for
coho, chinook, steelhead, and sockeye, since pink and chum salmon do not rear for extended periods
in freshwater (SWG 1984). Studiesindicate that hatchery coho sdmon have the potentid to adversely
affect certain wild sdlmonid species through competition. Information suggests that juvenile coho
sdmon are behavioraly dominant in agonistic encounters with juveniles of other stream-rearing Pacific
Northwest sdimonid species, including chinook salmon, steelhead (O. mykiss), and cutthroat trout (O.
clarki), and with natural-origin coho (e.g. Stein et a 1972; Allee 1974; Swain and Ridddl 1990;
Taylor 1991). Dominant sdmonids tend to capture the most energeticaly profitable stream positions
(Fausch 1984, Metcdfe et d. 1986), providing them with a potentid surviva advantage over
subordinate fish. However, where interspecific populations have evolved sympatricaly, chinook
sdmon and stedhead have evolved dight differences in habitat use patterns that minimize their
interactions with coho salmon (Nilsson 1967, Lister and Genoe 1970, Taylor 1991). Along with the
habitat differences exhibited by coho and stedheed, they aso show differencesin foraging behavior.
Peterson (1966) and Johnston (1967) reported that juvenile coho are surface oriented and feed
primarily on drifting and flying insects, while steelhead are bottom oriented and feed largely on benthic
insects.

SIWG (1984) acknowledged that the risk of adverse compstitive interactionsin marine watersis
difficult to assess, because of alack of data collected at times when hatchery fish and naturd-origin fish
likely interact, and because competition depends on avariety of specific circumstances associated with
hatchery-wild fish interaction, including location, fish Sze, and food avallability. In marine waters, the
main limiting resource for naturd-origin fish that could be affected through competition posed by
hatchery-origin fishisfood. The early marine life stage, when naturd-origin fish have recently entered
the estuary and populations are concentrated in areatively smal area, may create short term instances
where food isin short supply, and growth and surviva declines as aresult (SIWG 1984). This period is
viewed as of gpecid concern regarding food resource competition posed by hatchery-origin chum and
pink salmon to natura-origin chum and pink salmon populations (Cooney et d. 1978, Smendad et d.
1980; Bax 1983). The degree to which food is limiting after the early marine portion of awild fish'slife
depends upon the dendity of prey species. This does not discount limitations posed on naturd-origin
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fish in more seaward areas as aresullt of competition by hatchery-origin fish, as data are available that
suggests that marine survivd rates for sdlmon are density dependent, and thus possibly areflection of
the amount of food available (SWG 1984).

In generd, hatchery fish released as smolts emigrate seaward soon after liberation, minimizing the
potentia for competition with juvenile natura-origin fish in freshwater (Steward and Bjornn 1990).
Mesasures to minimize therisk of adverse competitive interactions may therefore include release of
hatchery smolts that are physiologicaly ready to migrate, as they should quickly emigrate seaward of
gpawning and rearing areas. Hatchery fish can be reared to sufficient size such that smoltification
occurs within nearly the entire population, which reduces retention time in the streams after release
(Bugert et d. 1991). Rearing on parent river water, or acclimation for several weeks to parent river
water, also contributes to the smoltification process and reduced retention time in the streams.  Other
risk minimization measures include gpplication of hatchery fish timing and area of rdease criteria
designed to limit the amount of ecologica interactions occurring between hatchery and naturaly
produced fish. For example, hatchery smolts can be released after the mgor seaward emigration
period for wild sdmonid populations to minimize the risk of interaction that may led to predation.
Hatchery smolts could aso be released in lower river areas, below upstream areas used for Stream-
rearing young-of-the-year wild sdmon fry.

5.1.4 Residualism

Most conventiond artificid propagation programs hatch artificialy spawned eggs and rear the resulting
juvenilesto pre-amolt or smolt sage. The smolts are released into rivers and streams with the
anticipation that they will soon migrate to the ocean. In many cases, some portion of the hatchery-
produced juveniles “resdualize’, or become resdents of the receiving water for an extended period of
ayear or more. The generd effects of hatchery-produced fish on natura fish, as described by Steward
and Bjornn (1990) may be exacerbated if a substantia portion of the hatchery-produced juvenile
sdmonidsresdudize.

Asdiscussed in sections V. A. 6 and 7, above, particular concern has been identified when resident
trout and hatchery stedhead, released into spawning and nursery aress, fall to migrate (resdudize), and
potentidly prey upon or compete with listed sdimon and steelhead fry. Stedlhead residudism has been
found to vary grestly, but is thought to typicaly average between 5% and 10% of the number of fish
released (USFWS 1994). Releasing hatchery steelhead smolts that are prepared to migrate and timing
the release to occur during high flow conditions may minimize impactsto listed fish from stedhead
programs.

Coho samon in mogt Situations, do not have the same potentia to residuaize as stedheed, but
goproximately 6% of the coho planted as parr residudized in the recelving stream in the Clearwater
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River drainage for ayear after release (Johnson and Sprague 1996). Coho sdlmon parr stocked in
1995, were observed two years after release in snorke surveys and screw traps (BIA 1998) and about
2,000 age two coho smolts were counted at Snake River mainstem dams (FPC in BIA 1998). So far
there does not gppear to be any residualism of coho sdmon smolts released into the Y akima and
Methow rivers (T. Scribner, YIN, pers. comm.).

Ocean-type chinook salmon, like the fall chinook of the Snake River and mid-Columbia generaly begin
migration towards salt water soon after emergence, however some may spend

up to one year before undertaking the smolt migration ( Hedley 1991). In the Snake River, Conner et
a (1992) report a smal percentage of hatchery-produced fall chinook smolts spend more than ayear
as resdents in the Snake River before smolting. Although most stream-type chinook juveniles become
smolts in the spring one year after emergence, some may spend a second year in fresh water,
particularly dower- growing individuas. This effect may be reated to cooler water temperaturesin
more northern or higher elevation waters (Healey 1991).

In fish hatcheries, an attempt is made to standardize the life history of fish produced. Spring/summer
chinook eggs are spawned in August and September with atarget of producing smolts approximeately
20 months later in April. Fal chinook are spawned in November with atarget of producing smalts by
the following spring, in about 6 months. Coho typicaly are spawned in November and December and
smolts are released 15 to 18 months later. Summer steethead are typicaly spawned in March through
May and smolts are released in 11 or 12 months. As noted above, the freshwater portion of thelife
history of most anadromous salmonidsiis quite variable in nature. While most ocean-type chinook
migrate within afew months of emergence, some remain in freshwater for afull year and while most
stream-type chinook and coho migrate in the spring, one year after they emerge from the gravel, some
will stay a second or even athird year (Groot and Margolis 1991). Steelhead have the most variable
fresh water life history of dl the anadromous salmonids, typicaly spending one to three yearsin fresh
water, but with some individuas spending up to 7 yearsin fresh water before spending 1 to 3 yearsin
the ocean (Busby et d. 1996). Aswith chinook, the dower growing steelhead or those living in cooler
waters may exhibit extended freshwater residence.

The variahility in life history exhibited by naturdly produced anadromous samonids probably has some
adaptive and survivd advantages. By alowing dow-growing fish extratimein freshwater this strategy
may ensure smolts that are large enough to improve migration survival. That not dl spawvners are the
same age dlows transfer of genetic materia among age classes of a population and protects againgt loss
of an entire spawning year to asingle natura catastrophe. Adaptability to cooler water or less
productive weater by extending freshwater residency may alow anadromous fish to occupy a greater
variety of habitats. The current conventiona wisdom on hatchery management would support the
gtandardization of life history and the rearing protocols which produce smolts on asingle, uniform,
schedule, but this practice may be intentionally selecting away from the genetic heritage of the fish. As

89



July, 2000

more hatchery programs are converted to conservation purposes using localy adapted and listed
broodstocks, and as artificia propagation practices include more natura rearing environments, hatchery
managers may have to accommodate varigble life histories in production protocols.

In the case of artificia propagation programs for unlisted steelheed, particularly the programs that rear
composite, domesticated and out-of-basin stocks, hatchery managers should continue to develop
rearing and release protocols that reduce resduaism and improve the smolting response, including
acclimation, volitiona release and growth schedules that produce hedlthy smolts that are of the proper
Sze and sage of development at the gppropriate time to initiate the smolt migration.

Acclimation ponds and volitiond release Strategies are currently the subject of active research in the
Columbia River Basin. Itisundear a thistime whether or not acclimating and volitiondly rdeasing
stedhead smolts can sgnificantly reduce the proportion of resdudized stedhead in dl cases. WDFW
appears to be able to sgnificantly reduce the number of residudized steelhead released by using a
combination of acclimation, volitiond release srategies, and active pond management whereby
remaining steelhead are not released when sampling indicates the mgority of remaining fish in pond are
males. This action is taken because preliminary WDFW research indicates that the mgjority of
resdudized steedlhead are males. ODFW monitoring has not confirmed WDFW results (USFWS
1994). The ODFW saw no reduction in stedhead resduaism rates in 1993 from acclimated fish in
comparison to direct stream releases; however, they did not employ active pond management strategies
(USFWS 1994). Providing juvenile holding facilities and acclimation ponds at Sites with large rlease
numbers may provide benefits even if resdudism is not reduced. As an example, by having juvenile
holding facilities a the release Sites, the physiologica condition of the smolts can be considered,
volitiond release drategies could be employed, and loca environmenta conditions could be used as
indicators of when to release fish s0 they immediatdly begin migration.

The level of smolt development exhibited by yearling pring/summer chinook has been shown to be an
important factor affecting migratory behavior. Developmentaly advanced yearling chinook migrate
from Dworshak Nationd Fish Hatchery to Lower Granite Dam significantly faster than less developed
counterparts (Giorgi 1991; Smith et a. 1993). Current release dtrategies are influenced to alarge
extent by when trangport vehicles are available and not necessarily when smolts are developmentally

ready to migrate.

In the 1995-98 Biological Opinion, NMFS recommended that hatchery steelhead smolts be released at
gzes between 170 and 220 mm total length (TL), approximately 163-212 mm fork length (FL), based
primarily on the work of two IDFG researchers, Cannamela (1992, 1993) and Partridge 1985). The
maximum Size recommendation was based on reports of higher resdualism among steehead over 240
mm TL and higher predation rates by resdud steedlhead over 250 mm TL. New andysisby IDFG
suggests that the 220 mm maximum sze isless than the ided Szeto rdlease smolts (Rhine et d. 1997).
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In severd tests, Rhine reports that resdud stedhead are sgnificantly smdler than smolts. Of those
steelhead smolts carrying PIT tags, 52.1% of fish released at 163-211 mm were detected at
downstream dams, 66% of steelhead 212-250 mm TL were detected and 83.3% of steelhead greater
than 250 mm TL were detected. Bigelow (1997) reported smilar resultsin PIT tagged steelhead
smolts released from Dworshak Hatchery. Over 70% of steelhead under 180 mm TL were not
detected at downstream sites, while gpproximately 85% of smolts over 180 mm TL were detected.

Thisinformation suggests that release of juvenile stedhead less than 180 mm TL will contribute to
resdualism and the ided release Sze may be larger than 220 mm TL. However, concern for both
resdudism and predation by very large smolts (over 250 mm TL) is till vaid. Jonasson et d. (1996)
reported predation on natura-origin juvenile stedlhead by residud hatchery steelhead as smdl as 189
mm FL, but in generd the larger resdud fish tended more toward predation. Overdl, Jonasson et d.
(1996) reports alow level of piscivory by resduas less than 230-250 mm TL.

Basad on this information the recommended steelhead smolt sze range should be 180 mm to 250 mm
TL. Further, if predation increases as Sze of fish released from hatcheries increases, then hatchery
managers should avoid release of larger amolts in waters that support rearing fry of listed species.
Hatchery managers should continue to evauate the impacts of size at release on predation and
resduaism adong with other measures to increase smolt success.

Smolts that resdualize not only pose a potentia threet to naturaly produced saimonids, they have a
lower probability of returning as adults and fulfilling the intended purpose of fishery enhancement or
mitigation. Hedlthy hatchery-produced smolts that migrate to the ocean soon after release have a good
chance to return as adults, while those that select an extended stream residence often do not survive
(Steward and Bjornn 1990). If a high percentage of hatchery-produced smolts successfully return as
adults, less production is required to meet mitigation or treaty trust responghilities.

5.15 Predation

Risks to wild salmonids attributable to direct predation (direct consumption) or indirect predation
(increases in predation by other predator species due to enhanced attraction) can result from hatchery
sdmonid releasesin freshwater and estuarine areas. Hatchery-origin fish may prey upon juvenile wild
samonids at severd stages of ther life history. Newly reeased hatchery smolts have the potentid to
prey on wild fry and fingerlings that are encountered in freshwater during downstiream migration, or if
the hatchery fish resdualize prior to migrating. Hatchery-origin smolts, sub-adults, and adults may dso
prey on naturd-origin fish of susceptible Szes and life stages (smalt through sub-adult) in estuarine and
marine areas where they commingle. Hatchery sdmonids planted as non-migrant fry or fingerlings, and
progeny of naturaly spawning hatchery fish dso have the potentia to predate upon naturd-origin
sdmonidsin freshwater and marine areas where they co-occur. In generd, naturd-origin saimonid

91



July, 2000

populations will be most vulnerable to predation when natura-origin populations are depressed and
predator abundance is high, in small streams, where migration distances are long, and when
environmenta conditions favor high vishility. SIWG 1984 categorized pecies combinations as to
whether thereisahigh, low, or unknown risk that direct predation by hatchery fish will have a
ggnificant negative impact on productivity of natura-origin sdmonids as follows:
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Table 4. Risk of hatichery sdmonid species predation on naturad-origin sdmonid species in freshwater
areas (SIWG 1984).

Wild Species

Hatchery

Species Steelhead Pink Chum Sockeye Coho Chinook
Steelhead U H H H U U
Pink L L L L L L
Chum L L L L L L
Sockeye L L L L L L
Coho U H H H u U
Chinook U H H H u U

Note: “H” = Highrisk; “L” = Low risk; and “U” = Unknown risk of a significant impact occurring.

Table 5. Risk of hatchery sdlmonid species predation on natura-origin salmonid species in nearshore
marine areas (SIWG 1984).

Wild Species

Hatchery

Species Steelhead Pink Chum Sockeye Coho Chinook
Steelhead U H H H U U
Pink L L L L L L
Chum L L L L L L
Sockeye L L L L L L
Coho U H H H U U
Chinook U H H H ] U

Note: “H” = Highrisk; “L” = Low risk; and “U” = Unknown risk of a significant impact occurring.

SIWG (1984) rated mogt risks associated with predation as unknown, because, although thereisahigh
potentid that hatchery and naturd-origin species interact, due to a high probability of spatid and
tempord overlap, there was rdlaively little literature documentation of predation interactions in either
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freshwater or marine areas. Predation may be greatest when large numbers of hatchery smolts
encounter newly emerged fry or fingerlings, or when hatchery fish are large relative to naturd-origin fish
(SWG 1984). Samonid predators are generdly thought to prey on fish gpproximately 1/3 or lesstheir
length (USFWS 1994; NMFS 1999). Dueto their location, Size, and time of emergence, newly
emerged sdmonid fry are likely to be the most vulnerable to predation by hatchery rdeased fish. Their
vulnerability is believed to be greatest as they emerge and decreases somewhat as they move into
shallow, shordine areas (USFWS 1994). Emigration out of hatchery release areas and foraging
inefficiency of newly reeased hatchery smolts may minimize the degree of predation on sdmonid fry
(USFWS 1994).

Although conddered as of “unknown” risk by SIWG (1984), data from hatchery sdmonid migration
gtudies on the Lewis River, Washington (Hawkins and Tipping 1998) provide evidence of hatchery
coho yearling predation on salmonid fry in freshwater. The WDFW Lewis River sudy indicated low
levels of hatchery steelhead smolt predation on sdmonids. In atota sample of 153 out-migrating
hatchery-origin stedhead smoalts captured through saining in the Lewis River between April and June
24, 12 fish (7.8 %) were observed to have consumed juvenile salmonids (S. Hawkins, WDFW, pers.
comm., July 1997). The juvenile sdmonids contained in the steelhead stomachs appeared to be
chinook fry. Sampling through this study indicated that no emergent naturaly produced steelhead or
trout fry (30-33 mm fl) were present during the first two months of sampling. Hawkins (1998)
documented hatchery spring chinook yearling predation on naturd-origin fal chinook juvenilesin the
LewisRiver. A smdl number of soring chinook smolts were sampled (11), and remainsof 10
samonids were found (includes multiple observations of remains from some smolts). Predation on
smdler chinook was found to be much higher in natura-origin smolts (coho and cutthroat
predominately) than their hatchery counterparts. Steward and Bjornn (1990) referenced areport from
Cdiforniathat estimated, through indirect caculations rather than actud field sampling methods, the
potentia for sgnificant predation impacts by hatchery yearling chinook salmon on natura-origin chinook
and steelhead fry. They adso reference astudy in British Columbiathat reported no evidence of
predation by hatchery chinook smolts on emigrating natura-origin chinook fry in the NicolaRiver. In
addition, Bakkala (1970 - quoting Hunter 1959 and Pritchard 1936) reported that young coho salmon
in some British Columbia streams averaged two to four chum fry per somach sampled.

Predation by hatchery fish on naturd-origin smolts or sub-adultsis less likely to occur than predation on
fry. Coho and chinook sdlmon, after entering the marine environment, generdly prey upon fish one-haf
their length or less and consume, on average, fish prey that is less than one-fifth of their length (Brodeur
1991). During early marine life, predation on natura-origin chinook, coho, and steelhead will likely be
highest in Stuations where large, yearling-sized hatchery fish encounter sub-yearling fish or fry (SWG
1984). Juanes (1994), in asurvey of studies examining prey Sze sdlectivities of piscivorusfishes,
showed a consstent pattern of sdection for small-sized prey. Hargreaves and LeBrasseur (1986)
reported that coho sdlmon smolts ranging in size from 100-120 mm fl sdlected for smaler chum saimon
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fry (3zes sdected 43-52 mm fl) from an available chum fry population including larger fish (available
szerange 43-63 mm fl). Ruggerone (1989; 1992) dso found that coho smolts (size range 70-150 mm
fl) selected for the smallest sockeye fry (28-34 mm fl) within aavailable prey population that included
larger fish (28-44 mm fl). However, extensve scomach content andyses of coho sdlmon smolts
collected through severd studies in marine waters of Puget Sound, Washington do not substantiate any
indication of sgnificant predation upon juvenile sdmonids (Smengtad and Kinney 1978). Similarly,
Hood Cand, Nisqualy Reach, and north Puget Sound data show little or no evidence of predation on
juvenile salmonids by juvenile and immature chinook (Simengtad and Kinney 1978). In arecent
literature review of chinook salmon food habits and feeding ecology in Pacific Northwest marine
waters, Buckley (1999) concluded that cannibaism and intra-generic predation by chinook salmon are
rare events. Likely reasons for gpparent low predation rates on salmon juveniles, including chinook, by
larger chinook and other marine predators are suggested by Cardwell and Fresh (1979). These
reasons included: 1) due to rapid growth, fry are better able to elude predators and are accessble to a
smaller proportion of predators due to Size done; 2) because fry have dispersed, they are present in
low densities relative to other fish and invertebrate prey; and 3) there has ether been learning or
selection for some predator avoidance.

Large concentrations of migrating hatchery fish may attract predators (birds, fish, and seds) and
consequently contribute indirectly to predation of emigrating naturd-origin fish (Steward and Bjornn
1990). The presence of large numbers of hatchery fish may aso dter natura-origin sdmonid

behaviord patterns, potentialy influencing their vulnerability and susceptibility to predation (Hillman and
Mullan 1989; USFWS 1994). Hatchery fish released into natura-origin fish production aress, or into
migration areas during naturd-origin fish emigration periods, may therefore pose an eevated, indirect
predation risk to commingled listed fish. Alternatively, amass of hatchery fish migrating through an area
may overwhelm established predator populations, providing a beneficid, protective effect to co-
occurring listed naturd-origin fish.

Hatchery effects through predation can be minimized through application of hatchery fish life stage,
timing and area of release criteria designed to limit the amount of ecologicd interactions occurring
between hatchery and naturaly produced fish. Release of smoalts only, and the application of criteriato
ensure that a high proportion of the population is smolted and emigrates (eg. volitiond release
practices, minimum coefficient of variation population size limits), can minimize therisk of predation.
Smolts migrate seaward rapidly, limiting the duration of interaction between hatchery fish and naturd-
origin fish present within, and downstream of, release areas. Ddlaying hatchery fish releases until the
magor seaward emigration period for natura-origin salmonid populations has been completed can
minimize the risk of interaction that may led to predation. Hatchery smolts could aso be rdeased in
lower river areas, below upstream areas used for stream-rearing young-of-the-year natural-origin
sdmon fry, reducing the likelihood for interaction between the hatchery and naturd-origin fish.
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5.1.6 Disease

Under certain conditions, hatchery effluent has the potentid to transport fish pathogens out of the
hatchery, where natura fish may be exposed to infection. Interactions between hatchery fish and
natura fish in the environment may aso result in the transmisson of pathogens, if ether the hatchery or
naturd fish are harboring afish disease. Thislatter impact may occur in tributary areas where hatchery
fish are planted and throughout migration corridors where hatchery and wild fish may interact. Asthe
pathogens responsible for fish diseases are present in both hatchery and natura populations, thereis
some uncertainty associated with determining the source of the pathogen (Williams and Amend 1976,
Hastein and Lindstad 1991). Hatchery-origin fish may have an increased risk of carrying fish disease
pathogens because of relatively high rearing dengities that increase stress and can lead to grester
manifestation and spread of disease within the hatchery population. Under naturd, low dendty
conditions, most pathogens do not lead to a disease outbreak. When fish disease outbreaks do occur,
they are often triggered by stressful hatchery rearing conditions, or by a deleterious change in the
environment (Saunders 1991). Consequently, it is possible that the release of hatchery fish may lead to
the loss of naturd fish, if the hatchery fish are carrying a pathogen, if that pathogen is trandferred to the
naturd fish, and if the transfer of the pathogen leads to a disease outbreak. Although hatchery
populations can be considered to be reservoirs for disease pathogens because of their elevated
exposure to high rearing dendities and stress, thereis little evidence to suggest that diseases are routingly
transmitted from hatchery to natura-origin fish (Steward and Bjornn 1990).

To address concerns of potentia disease transmission from hatchery sdmonids to naturd-origin fish in
the Pacific Northwest, a number of fish hedth policies have been implemented. These policies
established guidedines to ensure that fish hedth is monitored, sanitation practices are applied, and that
hatchery fish are reared and released in hedlthy condition (PNFHPC 1989; IHOT 1995; WDFW
1996; WDFW and WWTIT 1998). Standard fish health monitoring under these policiesinclude
monthly and pre-release checks of propagated salmonid populations by a fish hedth specidis, with
intensified efforts to monitor presence of specific pathogens that are known to occur in the populations.
Specific reactive and proactive strategies for disease control and prevention are aso included in the fish
hedth policies. Significant fish mortaity to unknown caus(s) are sampled for histopathologica study.
Incidence of vira pathogensin sdlmonid broodstocks are determined by sampling fish a spawning.
Populations of particular concern may be sampled at the 100% level and may require segregation of
egggprogeny in early incubation or rearing. Compliance with NPDES permit provisons a hatcheries
aso actsto minimize the likelihood for disease epizootics and water quality impacts that may lead to
increased naturd-origin fish susceptibility to disease outbresks. Full compliance with the regiona fish
hedlth policies minimizes the risk for fish disease trandfer.

5.1.7 Operation of Hatchery Facilities
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Potentid hazards to listed naturd sdlmonids associated with the operation of hatchery facilities include
hatchery facility failure (power or water loss leading to catastrophic fish losses), hatchery water intake
impacts (de-watering of stream reaches, or fish entrainment, leading to mortdity), hatchery water intake
and outfal screening impacts (juvenile and adult entrainment), and effluent discharge effects
(deterioration of downstream water quadity). The actud effects of hatchery facility operations on listed
fish depends on anumber of factors bearing on the likelihood that the hatchery operation will contact
juvenile and/or adult fish, and whether the program is gppropriately operated to minimize the risk of
adverse effects to listed fish within the watershed where the program islocated.

Catagtrophic loss of listed fish held or under propagation may occur as aresult of de-watering or loss of
water flow (due to power falure or screen fouling), flooding, or poor fish culturd practices. Methods
that may be used to minimize therisk of catastrophic loss may include minimizing the time of holding of
adult fish in traps where the fish may be a an devated risk of injury or mortaity in exposed stream
areas due to flooding, de-watering, or poaching. The propagation of hatchery populations at more than
one location may be used to spread the risk of loss, increasing the likdihood that the genome will be
retained in the event of a catastrophic loss at one facility. Additional methods that may be used to
minimize the likelihood of fish loss due to hatchery operationsinclude: 1) on-gte residence by hatchery
personnel to alow rapid response to power or facility failures, 2) use of low pressure/low water leve
aarmsfor water supplies; 3) ingtalation of back-up generatorsto respond to power loss, and, 4)
training of al hatchery personnd in standard fish propagation and fish health maintenance methods.

Water withdrawals for hatcheries within spawning and rearing areas can diminish stream flow from
points of intake to outflow. If great enough, such withdrawas can impede migration and affect
gpawning behavior of listed fish. Water withdrawas may aso have impacts to other stream-dwelling
organisms important as food for juvenile samonids as well, including habitat loss and displacement, and
physicd injury at intake locations. Screening of hatchery intakesis critical to ensure that fish are not
injured through impingement or permanently removed from streams. To prevent these outcomes, water
rights issued for regiona hatcheries are generdly conditioned to prevent de-watering of sdmon
migration, rearing, or spawning areas. Hatcheries can dso be designed to be non-consumptive. Water
withdrawn for use can be returned after it flows through the facility near the point of withdrawa to
minimize risks to natura-origin fish and other agquetic fauna. Therisk of water withdrawa hazards can
generdly be minimized through compliance with water right permits. NMFS screening criteriafor water
withdrawd devices set forth conservative sandards that help minimize the risk of damage to naturd-
origin salmonids and other aquatic fauna through screen entrainment (NMFS 1995, NMFS 1996).

Hatchery effluents may change water temperature, pH, suspended solids, ammonia, organic nitrogen,
tota phosphorus, and chemica oxygen demand in the receiving stream’ s mixing zone (Kendra 1991).
The resultant level of impact or the precise effect of hatchery effluents on listed sdlmonids and other
sream-dwelling organiams is usudly unknown. The magnitude of the recaiving water flow volume
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relaive to the discharge volumes from the hatcheries determines the leve of impact to receiving waters.
Any adverse effects of hatchery effluent are probably locdized at the immediate point of discharge, as
effluent israpidly diluted in the recaiving streams and rivers. The Clean Water Act requires hatcheries
(i.e. “aquatic anima production facilities” as defined by the Environmenta Protection Agency) to obtain
aNationd Pollutant Discharge Elimination System (NPDES) permit for the discharge of hatchery
effluent to surface waters. These permits are intended to protect aquatic life and public health and
assure that every facility treats wastewater. The permits include Ste-specific discharge limits,
monitoring and reporting requirements, and are subject to enforcement actions if the facility failsto
comply with the provisons of their permit (EPA 1999). In addition, hatcheries within the Columbia
River Basin operate under the policies and guidelines developed by the Integrated Hatchery Operations
Team (IHOT 1995) to reduce the effects on listed fish from the operation of hatchery facilities. Therisk
of this hazard to listed fish may generaly be minimized through compliance with gpplicable NPDES
permit requirements and IHOT policies and guiddines.

5.1.8 Migration Corridor

The hatchery production ceiling called for in the Proposed Recovery Plan for Snake River chinook
ESUsis gpproximately 197.4 million anadromous fish. Although releases occur throughout the yeer,
approximately 80 percent occur from April through June. A significant portion of these releases do not
survive to the Snake and Columbia River migration corridors. As an example, the historical passage
index of hatchery fish released into the Snake River Basin surviving to Lower Granite Dam shows a
ratio of .23 for spring/summer chinook salmon and .60 for steelhead:; for hatchery releasesin the
Columbia River above McNary Dam the ratio is.185 for spring/summer chinook salmon, .477 for sub-
yearling chinook salmon, .093 for steelhead, and .215 for coho salmon (FPC 1992). While the actua
number of hatchery fish entering the Columbia River migration corridor is unknown, it is Sgnificantly less
than the number of fish released from the hatcheries (Table 3). There are severd reasons that not al
juvenile sdlmonids that are produced or released in headwater areas do not survive to the main stlem
migration corridors. Asdiscussed in Section 5.1.4, some number residualize and do not become
smolts. Some number of fish that have survived in the rdatively benign environment of the hatchery
succumb to their inability to survive in the wild, shortly after release, as predators, transportation stress,
and fallure to adapt to lifein the naturd stream take atoll. Many of the releases migrate severd
hundred miles before they reach the first of the mainstem dams where they are counted. Even many of
the naturaly produced smolts may die due to predators and other hazards of the migration, which
occurs during the spring freshet.

As noted above in section 5.1.5 on predation, the hypothesis that large numbers of hatchery-produced
smalts have effects on lesser numbers of naturally-produced smoltsin the migration corridor and ocean
assumes that there is alimitation on the capacity of the migration corridor and ocean and that interaction
between hatchery-produced and naturally produced smolts occurs.
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Chapman (1986) estimated that the sustainable runs of chinook prior to settlement of the Columbia
Basin by European immigrants were 7.5 to 8.9 million adult fish, based on back calculations from pesk
commercid catches. The NWPPC has adopted arange of 8 to 16 million adult anadromous
sdmonids, based on historical data, and the PFMC developed an estimate of 6.2 million based on
habitat. (NPPC 1986, PFMC 1979). These estimates could generally be described as along-term
average run sze of 10 million plus or minus 5 million fish.

In the 1990s, smoalt-to-adult surviva (SAR), measured from smolts leaving the mouth of the Columbia
to adults returning has been about 1 percent. Approximately 100 million smolts (of al anadromous
sdmonid species) are estimated to have entered salt water annualy (Schiewe 1999). Annudly about, 1
million adults have returned to the mouth of the Columbia (ODFW 1998). To obtain the hitoric
number of 10 million adults & 1.0% SAR would require one billion smolts. However, naturd smolts,
produced in anaturd river, entering average ocean conditions, during pre-development time, should
have returned more in the range of 2.5 to 5 %, so probably between 200 million and 400 million smolts
actudly entered the ocean out of 250 million to 500 million which started the migration route (Assuming
80 % surviva on the smolt migration in aprisine river.).

If there were 10 million adults, spawning escapement probably was 4 to 6 million, yielding about 2to 3
million redds. At 4,000 eggs per redd, 8 to 12 billion eggs were deposited. At 10% egg to parr
surviva, there were 800 million to 1.2 billion parr, which in turn could have produced the 200 to 400
million smolts to the ocean that were required to produce 10 million adults. In order to have produced
sugtained runs of 10 million adult anadromous salmonids, there must have been much larger numbers of
eggs deposited, larger numbers and higher dendties of parr in rearing areaand of smoltsin the migration
corridor than under current conditions.

Higtoricaly the bulk of the Columbia Run was spring and summer chinook, coho, sockeye and
sedhead. Chagpman (1986) cdculated only 1.25 million fal chinook in his high estimate, so over 80%
of the smolts would have been spring migrating, yearling smolts. Therefore, 160 to 320 million spring,
yearling smolts would have passed through the estuary and entered the ocean in May and June each
year, compared to about 40 million under current conditions. In recent years, when hatchery
production in the basin reached nearly 200 million fish, over haf of the production was fal chinook that
produce sub-yearling, summer-migrating smolts.

The Snake River is generadly considered to be the sngle most important anadromous fish producing
tributary of the Columbia River and produced up to haf of the oring/summer chinook and summer
steelhead in the Columbiabasin (NMFS 1995b). The Snake River Basin produced runsin excess of 2
million total adults and probably produced 35 to 75 million smolts or about 15 to 25 percent of the
basin total. The upper Columbia River aso produced spring chinook, sockeye, and steelhead and the
Y akima reportedly was second only to the Snake in chinook, coho and steelhead production. In excess
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of hdf of thetotd smalt production in the Columbia River basn would have been in the migration
corridor a the confluence of the Snake and Columbia - perhaps in the range of 100 to 200 million
smolts- most of which would have been spring yearlings.

McNary Dam is the first place smolts are counted below the confluence. At the present time, because
of depressed stocks and transportation from Snake River dams, there are only about 2 million
spring/summer chinook, 1 million stedhead, haf amillion sockeye and afew coho arriving a McNary
Dam as goring, yearling outmigrants. Another 6-8 million sub-yearling fal chinook smolts arrive
somewnhat later than the spring migrants. Depending on flow and collection protocols, 60-70 % of the
smolts are transported from McNary, leaving only afew million smoltsin theriver a John Day and The
Dalles (Schiewe 1999).

Prior to development of the Columbia basin, there were many more smolts migrating through the
migration corridor than there are now, even consdering the present magnitude of artificia propagation
activities. At some pointsin the corridor, below the mgor transportation collection points, thereisa
fraction of the historical numbers. Between McNary and Bonneville Dams, the number of smolts under
current operationsis perhapsin the range of 5 to 10 percent of pre-development numbers. Eveninthe
estuary, where the trangported smolts have been returned to the river, the density must not be over
25% of pre-development levels. Likewise, the number entering the ocean is afraction of the number
that had to have been entering the ocean in the first haf of this century.

Even though the spring floods are controlled and the carrying capacity of the estuary has been reduced,
the migration corridor is carrying many fewer fish than it did historicaly. The lower numbers of
migrating fish should act to reduce competition and predation in the migration corridor, estuary and the
ocean.

The speed of trave of upriver smolts also serves to reduce interaction and competition in the main stem
of the Columbia and the estuary. Bl (1984) givesrates of 13 miles/day (21 kmv/d) in low flows and 23
miles/day (38 km/d)in moderate flows, as a generd average for downstream migrants. Buettner and
Nelson (1990) found rates between 18 and 55 km/d (Kilometers per day) for salmon smoltsand 38 to
55 km/d for steelhead in the Clearwater and up to 72 km/day for both speciesin the Snake, Salmon
and tributaries. Dawley (1986) found rates of 1 to over 59 km/d in the estuary, depending on size,
gpecies and distance traveled, with the fagter rates correlated with larger smolts from further upriver. In
the free-flowing reaches of the Snake, Clearwater and Samon, currentsin excess of 10 kmv/hr are
common during the spring freshet. Smolts could move in excess of 100 kmv/d just by holding in the
thalweg, but the literature would indicate 40 to 50 km/day is amore likely average in moderate to high
flows.

Bdl and Dawley comment on differentid habitat selection with steelhead choosng the thalweg and
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nearer to the surface, subyearling chinook being more likdly to follow the shordines and yearling
chinook seeking grester depths. As occursin rearing aress, habitat partitioning among the species has
evolved to reduce interspecific competition.

Habitat partioning and speed of travel should function to reduce predation, competition and intergpecies
interactions. The reduced number of smaltsin the corridor should also decrease the potentia for
detrimentd interactions. However, the behavior of fish in the hydropower reservoirs and bottlenecks in
collection and transportation systems may increase opportunities for interaction. Smolts may be
disoriented by dack water and may be concentrated as the fish traveling 50 km/d in free-flowing rivers
catch up to the fish traveling 10 km/d in the reservoirs. Smolts have been observed to concentrate in
front of dams before they enter the collection system. In the collection and transportation system any
habitat partitioning is eliminated, dengties are increased and both inter- and intra-specific interactions
areforced .

This same effect would occur if recovery was attained and the Snake Basin was producing the 15-20
million natura-origin smolts that the co-managers estimate would be produced.

In terms of upriver fish having impacts on lower river fish, the number of fish entering the river below
Bonneville, ether by in-river migration or trangportation is probably less than 25% of hitorica
numbers. Upriver fish are traveling through the 145 miles (241 km) below Bonneville to salt water in a
meatter of afew days. Upriver fish do not stop, but continue to move through the estuary at the same
rate as they migrate downstream (Dawley et d. 1986). Smalts originating upriver from Bonneville Dam
have not been shown to have any affect on smalts originating downriver from Bonneville Dam.

Consderable speculation, but little scientific information, is available concerning the overdl effectsto
listed sdmon and stedhead from the combined number of hatchery fish in the Snake/Columbia River
migration corridor. In areview of the literature, Steward and Bjornn (1990) indicated that some
biologists consder density-dependent mortality during freshwater migration to be negligible; however,
they aso cited a el head study that indicated there may have been a density-dependent effect (Royd
1972, cited in Steward and Bjornn 1990). Hatchery and natura populations have smilar ecologica
requirements and can potentialy be competitors where critica resources are in short supply (Lower
Granite Migration Study Steering Committee (LGMSC 1993).

Feeding rates may be an indicator that food is a limiting factor in the migration corridor, which could
decrease surviva to adulthood. However, it may aso be an indicator of poor health or stress even
when food is not limited (Dawley et d. 1986). Increased flow, turbidity, gas supersaturation,
temperature, and migration rate may aso be factors affecting feeding efficiency. Bennett and Shrier
(1986), cited by the LGM SC (1993) found that most migrating smolts sampled in Lower Granite
Reservoir contained food items and numerous scomachs were full; however, some individuas lacked
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food. Giorgi (1991) indicated that there is contrasting information on the food habits of yearling
chinook salmon at Lower Granite Dam. Corophium spp. was the predominant food item in samples
collected a Lower Granite Dam in 1987, while guts were generdly void of any food itemsin 1989.

Dawley et d. (1986) studied the migrationd characterigtics of juvenile saimonids entering the Columbia
River estuary. Intha study, yearling chinook sdmon generdly had low stomach fullness vaues from
March through April, but in May and June, the aggregate fullness values of yearling chinook saimon
increased and percentages of non-feeding fish for most groups decreased. However, the consumption
vaues for yearling spring chinook salmon (but not in other species sampled) declined from maximum in
May, the pesk period of saimonid migration. Rdatively low mean fullness and empty somachs were
correlated with close proximity of release to recovery Ste and/or short migration period prior to
recovery, early March releases, high turbidity, and disease incidence.

Stomach content weights for sub-yearling and yearling chinook salmon captured a Jones Beach were
less than amilar Szed fish examined at other estuarine and riverine locations; however, some of the
comparisons were of fish resding in the estuary versus fish that were actively migrating when sampled a
Jones Beach. 1n a1980 and 1981 study of the Upper Columbia River estuary, Dawley et al. (1986)
found that sub-yearling chinook salmon generdly had about haf-full somachs. In a 1992 sudy
involving Bonneville Hatchery fdl chinook samon, Ledgerwood et d. (1993) dso found ssomachs
about half full, even though more hatchery fish are now produced than during the earlier sudy.

Carrying capacity depends on system productivity, which fluctuates. Variaion in productivity is
probably linked to climatic cycles aswel as to human activities that have dtered the habitat in the last
100 years. The FCRPS and other dams constructed for flood contral, irrigation storage and
hydroelectric generation have substantidly atered river flows. Discharge at the mouth of the Columbia
River during spring freshets has been reduced between 21 and 28 percent, while discharge during the
low-flow period of late summer and fal has been increased by 50 percent. The upstream reservoirs
have reduced sediment transport and macrodetritus delivered to the main stem of the Columbia and
estuary, but have increased the production of phytoplankton and the transport of microdetritus through
the river system. Dredging of navigation channels has increased the amount of deep water habitat in the
navigable portion of the Columbia River, whilefilling of wetlands and levees have reduced the amount
of shalow water and wetland habitat. Changesin carrying capacity due to dams and levees may be
obscured by water quality or other habitat dteration and naturd fluctuations (Weitkamp 1994).

The difficulty of estimating a system's capacity to support saimon is probably further compounded by
cycles of oceanic productivity and other ecological and human factors, effects that may be difficult to
isolate from each other. Current carrying capacity estimates must be based on present conditions and
may be lower than historical levels. However, areasonable estimate of the current carrying capacity is
not available and would be difficult to derive.
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The limited information available concerning effects from changesin the historic carrying capacity to
liged sdmon isinsufficient to determine definitive impacts. It isfor thisreason that NMFS has
recommended a limitation of hatchery releasesin the Columbia Basin. The effects of hatchery
production on listed sdlmon and steelhead in the ocean would be speculaive, sSince hatchery fish
intermingle a the point of ocean entry with natura-origin and hatchery anadromous salmonids from
many other regions. Witty et d. (1995) assessing the effects of Columbia River hatchery sdmonid
production on naturd-origin fish stated:

“We have surmised the ocean fish rearing conditions are dynamic. Years of limited food supply
affect sze of fish, and reduced size makes juveniles more subject to predation (quoted from
Parker 1971). Mass enhancement of fish populations through fish culture could cause density-
dependant affects during years of low ocean productivity. However, we know of no studies
which demondrate, or even suggest, the magnitude of changes in numbers of smolts emigrating
from the Columbia River Basin which might be associated with some level of changein surviva
rate of juvenilesin the ocean. We can only assume that an increase in smolts might decrease
ocean surviva rate and a decrease might improve ocean surviva rate.”

However, the assumptions made by Witty would apply only if the ocean were near carrying capacity.
The current production from the Columbia River is lower than the number carried by the migration
corridor and ocean in the fairly recent past.

The species of primary concern in the Columbia Basin are chinook salmon, sockeye sadmon and
dedhead. Thereisno evidencein the literature to support the speculation that thereis some
compensatory mortdity of chinook salmon and stedhead in the ocean environment. Thereis evidence
of dengty-dependent compensatory ocean surviva in the cases of massive pink and chum samon
hatchery programsin Alaska, Russia and Jgpan (Pearcy 1992). There are currently two small chum
sdmon hatchery programsin the Lower Columbia River, the WDFW's Grays River program and the
gpawning channd on Hamilton Creek below Bonneville Dam. These produce chum sdmon at alevel
that is only afraction of a percent of the numbers seen in Alaska, Russaand Japan. Pink sdmon are
extinct in the Columbia. There is evidence for depensatory ocean mortdity in sockeye, because this
species uses schooling behavior as a defense againgt predators. Smaller schools are preyed upon a a
higher rate than larger schools and therefore, high freshwater mortaity can contribute to higher ocean
mortdity (Pearcy 1992).

The only suggestion of evidence for compensatory ocean mortality for coho is the Oregon Production
Index (OPI) coho experience during the brief excurgon into industrial hatchery production ("ocean
ranching") in the late 1970s-early 1980s period. More coho production appeared to produce fewer
adults. However, most of the increased production was from industrial hatcheries utilizing whet is now
congdered to be egregious hatchery practices -- accelerated growth, high rearing dengities,
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domesticated stocks, etc.. The wild/natura coho and the public hatchery coho occupying the same
waters did not show the same effect asthe industrial hatchery coho (Nickelson 1986). It appears likely
that the OPI experience was a case of poor quality smolts released into a series of poor ocean
conditions, rather than gtrictly a density-dependent effect.

Although the effects of hatchery-produced smoalts on naturally produced smolts are difficult to detect
and largdy hypotheticd, the hatchery reform measures recommended in other sections of this opinion
will act to control any effects.

-Release samalts that are fully developed and ready to migrate to reduce the time that they might

interact with naturd-origin smolts.

-Match the sze and life history characterigtics of artificidly produced anadromous sdlmonidsto
the naturdly occurring fish in the same waters.

-Scdethe artificid production numbers to the productive capacity of the receiving waters and
adjust artificia propagation numbers when natura production increases.
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Table 3. Listed and tota sdmonid smolts estimated to enter the Columbia River estuary in 1999

Listed smoltsentering the Estuary Total Smoltsentering the Estuary?
Spring/summer chinook yearling smolts- Spring/summer chinook yearling smolts-
listed total

Upper Columbiawild 133,934 22.4t0 27.0 million

Upper Columbia-hatchery 380,470 9to 11 percent are listed

Snake River-wild 754,957

Snake River-hatchery 325,738

Lower Columbia-wild 350,000°
Upper Willamette-wild 600,000
Total spr/lsumck 2,545,369

Fall chinook sub-yearling smolts- listed Fall chinook sub-yearling smolts- total
Snake River-wild 88,704° 18.2 to 22.4 million
0.4 percent listed

Sockeye salmon smolts -listed Sockeye Salmon Smolts-total
Snake River - wild 3,025 500,000 to 1.0 million
Snake River- hatchery 15.000 1.8 10 3.6 percent listed

Totd sockeye 18,025
Steelhead smolts-listed Steelhead Smolts-total
Snake River basn-wild 715,000 10.0to 14.4 million
Upper Columbiawild 61,791 15.3t0 22.8 percent listed
Upper Columbia-hatchery 634,985
Mid-Columbia-wild 208,000

Upper Willamette-wild 210,000°
Lower Columbia-wild 400.000’
Total stedhead 2,229,776

Chum Salmon smolts-listed Chum Salmon Smolts-total
Columbia River-wild 1,000,0008 100 percent listed
Coho Salmon Smolts-listed Coho Salmon Smolts-total
None listed 16.0 to 20.0 million
None listed
Total listed smolts 5,881,874 Total smolts 68.2 to 85.8 million

6.9 to 8.6 percent listed
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1 Unless otherwise noted, smolt number estimates are from Schiewe, 1999.

2 The spread in smolts estimates is based on the scenarios in Schiewe 1999.  Generally the upper
range represents the full-transportation scenario and the lower range represents the no-transportation
scenario.

3 Back-calculated from 3,500 Sandy, Clackamas and other Lower Columbia ESU wild spring

5.1.9 FisheriesImpacts

Fisheries managed for, or directed at, the harvest of haichery origin fish has been identified as one of
the primary factors leading to the decline of many wild sdmonid stocks (Hagg et d. 1995; Myers et al.
1998). Depending on the characteristics of afishery regime, the commercia and recrestiona pursuit of
hatchery fish can lead to the harvest of naturd-origin fish in excess of levels compatible with their
surviva and recovery (NRC 1996). Listed sdmon and steelhead may be intercepted in mixed stock
fisheries targeting predominatdy returning hatchery fish or hedthy natural stocks (Mundy 1997).
Fisheries can be managed for the aggregate return of hatchery and natura-origin fish, which can lead to
higher than expected harvest of wild stocks.

Certain management actions can reduce the effects on listed stocks from harvesting hatchery produced
fish (Rutter 1997). Hatchery fish can be externally marked so that they can be differentiated from
unmarked, naturd-origin fish. Fisheries then can be conducted to selectively harvest only hatchery
produced fish with natura-origin fish being released. Fisheries can be managed for the cumulative
harvest rate from dl fisheries to ensure impacts are not higher than expected (Mundy 1997). To ensure
harvest rates are not increased because of alarge return of hatchery fish, fisheries can be managed
based on the abundance and status of naturd-origin fish. Hatchery fish can be released from termina
areas S0 that returning adults can be harvested with little or no interception of natura-origin fish.
Fisheries can occur near acclimation Sites or in other areas where released hatchery fish have a
tendency to concentrate, which reduces the catch of natura-origin fish. Findly, the number of fish
released from hatcheries can be reduced or diminated, if fisheries targeting hatchery fish cannot be
managed competible with the survival and recovery of listed fish.

5.1.10 Nutrient Cycling

The flow of energy and biomass from productive marine environments to relatively unproductive
terrestrid environments supports high productivity in the ecotone where the two ecosystems meet (Polis
and Hurd 1996). Anadromous salmon are amgjor vector for trangporting marine nutrients across
ecosystem boundaries (i.e. from marine to freshwater and terrestrial ecosystems). Because of the long
migrations of some stocks of Pacific salmon, the link between marine and terrestrial production may be
extended hundreds of milesinland. Nutrients and biomass extracted from the decomposing carcasses,
eggs and milt of spawning sdmon stimulate growth and restore the nutrients of aguatic ecosystems.
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Nutrients originating from salmon carcasses are dso important to riparian plant growth. Direct
consumption of carcasses and secondary consumption of plants and small animals that are supported by
carcasses is an important source of nutrition for terrestrial wildlife (Cederholm, et. d. 1999).

Current escgpements of wild and naturaly spawning hatchery-produced anadromous samonidsin the
Columbia Basin are estimated at about 7 % of the historic biomass (Cederholm et. d. 1999).
Throughout the Pacific Northwest, the ddlivery of organic nitrogen and phosphorus to the spawning and
rearing streams for anadromous salmonids has been estimated at 5 to 7 % of the hitoric amount (Gresh
et. d. 2000). Cederholm et. d. caculate the historical spawning escapement at 45,150 mt (metric ton)
of biomass annually added to the aguatic ecosystems of the Columbia compared to 3,400 mt annually

with current spawning escapements.

Artificid propagation programs in the basin add subgtantia amounts of fish biomass to the freshwater
ecosystem. The annud hatchery production cap of nearly 200 million smolts, a 25 gr/smolt average
weight, adds about 5,000 mt of biomass to the Columbia Basin. Returning adults from artificia
propagation programs have totaled 800,000 to 1,000,000 in recent years (ODFW 1998). At the
average weight of 6.75 kg used by Cederholm, 5,400 to 6,750 mt of fish biomassis potentidly
returned to the Columbia River annually due to artificid propagation programs. Of course, most of the
hatchery smolt production is expected to leave freshwater and migrate to the marine ecosystem, but
undoubtedly some is retained in freshwater and terrestrial ecosystems as post-release mortdities and
consumption by predators such as bull trout, ospreys and otters. Much of the adult return from
hatchery production may be removed from the ecosystem by sdlective fisheries or taken at hatchery
weirs and traps.

However, the potentid to utilize the marine-based nutrients that are imported to freshwater ecosystems
in the carcasses of hatchery returns may be of vaue for simulating ecosystem recovery. Experiments
have shown that carcasses of hatchery produced salmon can be an important source of nutrients for
juvenile sdmon rearing in streams (Bilby et. d. 1998). Hatchery carcasses may aso replace some of
the nutrient deficit in riparian plant and terrestria wildlife communities where wild spawners are lacking.
The contribution of artificia propagation programs has the potentid to exceed the contribution of
naturaly produced fish in replenishing the nutrient capita of aguatic ecosystemsin the short term, but
should not be regarded as along term solution to replacing the nutrient subsidy provided by wild
sdmon.

Utilization of carcass outplants and evaluation of results may be incorporated into many of the artificid
propagation programs evauated in this opinion. Managers consdering carcass outplants must follow
disease control guiddines and should not transfer carcasses between drainages. Managers should dso
consider other habitat conditions of target streams including the presence of small woody debris that
helps retain carcasses as they decompose, the likely natura dengity of spawner carcasses and the
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presence of nutrient enrichment such as agricultura runoff.
5.1.11 Hatchery Program Monitoring and Evaluation

Monitoring and Evaluation programs are necessary to determine the performance of artificia
propagation programs. The Artificid Production Review (NPPC 1999) listed four criteriafor
evauding both augmentation and mitigation programs.

1) Has the hatchery achieved its objectives?

2) Has the hatchery incurred costs to natura production?

3) Are there genetic impacts associated with the hatchery production?
4) Isthe benefit greater than the cost?

Higtoricaly, hatchery performance was determined solely on the hatcheries ability to release fish
(NPPC 1999), this was further expanded to include hatchery contribution to fisheries (e.g. Walis 1964,
Wahle and Vredand 1978, Vredand 1989). Recent program wide reviews of artificial propagation
programsin the Northwest have identified the failure of regiond sdmon managers to conduct adequate
monitoring and eva uation to determine if the hatchery objectives are being met (1SG 1996, NRC 1996,
NFHRP 1994). The lack of adequate monitoring and evauation has resulted in the loss of information
that could have been used to adaptively manage the hatchery programs (NRC 1996).

Under the ESA, monitoring and evauation programs for artificid production are not only necessary for
adaptive management purposes but are required to ensure that artificial propagation activities do not
jeopardize listed populations (see Appendix B NMFS' jeopardy standard). Monitoring and Evauation
of artificiad propageation activitiesis necessary to determine if management actions are adequate to
reduce or minimize the impacts from the nine generd effects discussed previoudy, and to determine if
the hatchery is meeting its performance gods. Monitoring and evauation activities will occur within the
hatchery facilities aswel asin the natura production areas. Monitoring and evauation within the
hatchery can include measurements to evauate hatchery production (i.e. surviva, Sze a age, condition,
disease prevention, genetic makeup, total released, percent smolted, etc.).

Monitoring and Evauation programs to determine impacts to listed populations from artificid
propagation activities can have potentid adverse effects to listed fish though sampling and marking.

Sampling within the hatchery can include direct mortdities (e.g. genetic analys's, disease pathology,
smolt condition) and indirect take (e.g. sorting, marking, transfers). Marking of hatchery fish prior to
release isrequired for dl programs, with management requiring 100 percent marking for some releases.
Marking is hecessary to evauate a number of objectivesincluding sorting broodstock, determining
hatchery stray rates, hatchery contributions to commercid fisheries. There are a number of methods
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available to mark hatchery fish (Nielson 1992, Parker et d. 1990). The methods used depend on the
type of information required or on the management god for the hatchery fish. To support sdlective
fisheries, identification when collecting broodstock, tag recovery in fisheries and tag recovery on the
spawning grounds externd marks are required (PSMFC 1992). Interna tags and marking methods
(PSMFC 1992, Volk 1990, Bilton 1986) can be used to evauate fisheries contribution, broodstock
origin (post spawning) and contribution to natural spawning via carcass recovery. Each marking
method has unique risks associated with the tag and the method of application (Parker et d. 1990,
Jacobs 1990) and these risks must be consdered when devel oping monitoring and evaluation plans.

In many artificia propagation programs the god is to increase naturd production (Supplementation,
augmentation, restoration) by using hatchery fish to increase the number of natural pawners.
Monitoring and evauation for this god requires the sampling of naturaly produced adults and juveniles
in naturd production areas. In the Columbia River Basin, many of these naturdly produced populations
are listed under ESA.

Monitoring and evauating naturaly produced fish is required to determineif the artificid production
program is having any adverse effects on the natural population. Genetic and life history data must be
collected from the naturd population to determine if the hatchery population has diverged from the
natura population and if the natura population has been dtered by the incorporation of hatchery fish
into the spawning population. To collect these data, the natura population needs to be sampled.
Sampling methods can include the use of weirs, dectro-fishing, rotary screw traps, seines, hand nets,
spawning ground surveys, snorkeling, radio tagging and carcass recovery. Each sampling method can
be used to collect avariety of information. Sample methods, like tagging methods, can potentialy
adversdly effect listed fish both those targeted for data collection and those taken incidentaly to the
data collection.

NMFS has devel oped some generd guiddinesfor collecting listed adult and juvenile simonids
(NMFS 1998, NMFS 2000) which have been incorporated as terms and conditions into section 10
and section 7 permits for research and enhancement activities (e.g. NMFS 1999). Though necessary
to monitor and eva uate impacts to listed populations from artificid propagetion programs, monitoring
and evauations programs should be designed and coordinated with other plans to maximize the data
collection while minimizing teke of listed fish.

5.2 Specific Effectson Listed Populations
NMFS has not determined the population structure of the lissed ESUs in the Upper Willamette Basin.
Thiswill done as apart of recovery planning by the “Technicd Recovery Teams’ in thefuture. The

“populations’ identified and used below correspond to 4™ field HUC designations and are used only for
the purposes of evauating the proposed actions in this consultation.
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Below are the specific effects on listed ESUs directly and indirectly affected by the proposed actions.
Given the anadlyssin section 5.1, the primary effects of the proposed actions are evauated below with
respect to the specific populations. Of particular importance to the evaluation of the specific effects on
listed populations below isthat most of the hatchery programs are to mitigate for the loss and
degradation of habitat in the Willamette River Basin.

The above generd andysis of effects formed the basis for eva uating the specific effects of the proposed
actionsto liged juvenile and adult fish in each of the subbasinsidentified below. Some of the effects
discussed above are not applicable to every subbasin and/or listed species.

5.2.1 Clackamas Subbasn

The potentid effects from the operation of Clackamas Hatchery to listed spring chinook and winter
seelhead in the subbasinislow. The Clackamas Hatchery uses water from Clackamas River and Dog
Creek. Thewater is passed through the hatchery facility and returned to the river, with no net loss of
water. No measurable impactsto listed fish are likely to occur.

5.2.1.1 Spring chinook
52111 Adults

The primary direct effects of the proposed actions on adult spring chinook in the Clackamas Subbasin
isfrom the straying of hatchery spring chinook onto natural spawning grounds and the collection of
natura-origin spring chinook for hatchery broodstock. In the past, hatchery fish could not be
differentiated from natural-origin spring chinook with absolute certainty. However, since 1996 dll
hatchery chinook smolts have been externaly marked. In 2002 dl returning Clackameas hatchery
chinook will be externdly marked. Thiswill alow hatchery chinook to be differentiated from naturally-
produced fish with certainty.

The best available information on the proportion of hatchery fish potentialy straying onto natura
gpawning aress in the Clackamas Subbasin is from fish counts at North Fork Dam (Figure 3). From
1996-99, counts of spring chinook at the dam have ranged from 888 to 1,270, with hatchery fish
representing an estimated 50% of the tota counts (ODFW 2000 staff report). The generd effects of
hatchery fish interbreeding natura-origin fish was discussed above in section 5.1.2. However, Nedey
(1996) conducted an analysis of the effects of hatchery fish straying on wild gene frequenciesin
naturaly spawning Willamette River stocks. In particular, the effects of Clackamas Hatchery spring
chinook straying on the wild chinook above North Fork Dam were assessed. Assuming a40%
hatchery fish stray rate, results of this study suggest that wild gene frequencies have been significantly
affected by the straying of hatchery fish above the dam (Figure 31). Nedey aso andyzed the changein
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wild gene frequenciesiif the proportion of hatchery fish was reduced to 10% in the year 2000. As
shown in Figure Figure 31, the wild gene frequency generdly begins to increase, but never regains the

Spring Chinook Returns to Hatcheries
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Figure 30. Number of spring chinook salmon returning to hetcheries within the
Willamette River Basin 1969-1999. Data from ODFW and WDFW (1999).

origind gene frequency in the wild population 100 years into the future. Given the results of Nedey's
(1996) model, the evaluation of genetic introgression in section 5.1, and Grant (1997), the straying of
hatchery spring chinook sdmon above North Fork Dam has a high likelihood of reducing the survivd
and recovery potentid of natural-origin chinook in the Upper Clackamas River.

However, the abundance of spring chinook increased substantialy above North Fork Dam in the early
1980's, corresponding to the beginning of adult hatchery spring chinook returns from smolt releases at
Clackamas Hatchery (Figure 16). It isunknown if the additiona hatchery fish spawning in the Upper
Clackamas River have actually decreased or increased productivity of the indigenous, wild spring
chinook. Before Clackamas hatchery fish returns, counts of spring chinook a North Fork Dam were
typicaly 300 to 600 fish annudly. Since the hatchery fish are unmarked, the true status of naturd-origin
gpring chinook is masked by the presence of hatchery fish.

The release of hatchery smolts (185,000 fish) from McKenzie Hatchery stock is proposed for release
into the Lower Clackamas River. This action can potentidly affect the naturd-origin chinook
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Figure 31. Example of the potentia ramifications of hatchery chinook spawning
with naturd-origin chinook. Modd amulations of the changein frequency of a
wild-type gene in the naturaly spawning population of Clackamas pring chinook
above N.F. Dam. From 1976 to 1999, the model assumed 40% of the natural
spawners were hatchery origin. Beginning in 2000 the proportion of hatchery fish
spawners was reduced to 10%. Graph reproduced from Neeley (1996).

population in the Clackamas Subbasin when these hatchery fish return as adults. Williset d. (1995)
summarized an ODFW study evauating the homing of South Santiam hatchery fish (brood years 1975
78). Reaults of this study suggest that hatchery spring chinook trucked and released into the Lower
Willamette River showed decreased homing fidelity compared to hatchery smolts released directly from
the South Santiam Hatchery. Of the smolts released from the South Santiam Hatchery, 97% of the
adult recoveries occurred a the South Santiam Hatchery. Of the fish trucked from the hatchery and
released into the Lower Willamette River, only 23% of the adult recoveries were at the South Santiam
Hatchery. Other recoveries occurred at Clackamas Hatchery (33%), McKenzie Hatchery (22%), and
Minto Pond (10%) on the North Santiam River. Lindsay et d. (1998 and 1999) dso found asmilar
pattern of increased straying of McKenzie hatchery stock that were acclimated and released into the
Lower Willamette River. Given these reaults, it appears likely that McKenzie River hatchery fish
trucked and released into the Lower Clackamas River could stray into the Clackamas Subbasin when
they return as adults a a Sgnificant rate, potentidly resulting in the genetic introgresson of McKenzie
hatchery stock into the Clackamas wild population.
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The Clackamas Hatchery spring chinook program can aso impact naturd-origin chinook from the
collection of broodstock. In addition to natural-origin fish being used for broodstock purposes,
chinook returning to the hatchery in excess of the 750 broodstock target may be sold or disposed. Fish
in excess of broodstock needs has been high since 1990 (Figure 30). Naturaly produced chinook
could beincluded in the excess fish and not used for the hatchery program. The actual number of
natura-origin fish collected at Clackamas Hatchery is unquantified because natural-origin fish could not
be differentiated from hatchery fish in the past. However, Nandor (2000) suggested that the number of
natura-origin fish incorporated into the broodstock annually was very low. Given that broodstock for
the program are proposed to be taken from fish returning to the hatchery trap in Dog Creek, asmall
tributary to the Clackamas River (which does not likely support naturd production of spring chinook),
the likelihood of naturd-origin chinook being taken into the broodstock (750 fish god) a a significant
degreeislow. In addition, snce most of the natura-origin spring chinook in the Clackamas Subbasin
spawn above North Fork Dam (Lindsay 1997, 1998, 1999) and the attraction for natural-origin fish to
enter Dog Creek (i.e. low water flow) is minor, therisk of naturd-origin fish being captured in the
hatchery trap islow. Thiscould dso affect the fiddlity of hatchery fish homing back to the hatchery
trap. However, the percentage of the hatchery fish return to the Clackamas River that actudly enters
the hatchery trap is not quantified.

An indirect effect on natura-origin adult spring chinook from the release of hatchery spring chinook are
the impacts associated with fisheries occurring on the hatchery chinook when they return as adults. In
the past, Willamette River hatchery spring chinook have supported popular fisheries with harvest rates
in the Lower Willamette River done being rdaively high (Figure 24). The harvest rate of spring
chinook in the Clackamas River is estimated to be an additiond 26% (ODFW 2000 staff report). Itis
unclear if the presence of hatchery fish in the Clackamas has increased the harvest of naturd-origin fish
or has provided a buffer on harvesting naturd-origin fish because most of the catch is hatchery fish. It
does appear, however, that the level of hatchery spring chinook production since the late 1970's
supports adult returns that are consistently higher than fishery and broodstock demands (Figure 30).

It is uncertain if asurplus of hatchery chinook will continue to occur at Clackamas Hatchery under the
sdective fishing regime being implemented in 2001-02 because only hatchery fish will be retained and
al naurd-origin fish will be released. Previoudy, naturd-origin and hatchery fish were retained in
fisheries, which may have increased the escgpement of hatchery fish; epecidly if natura-origin fish
made up asubgtantia portion of the totd catch.

The last few years, ODFW has been evauating potential impacts associated with selective fishery on
hatchery soring chinook in the Willamette River Basin. Prdiminary information suggests the mortaity of
natura-origin spring chinook under a sdective fishery regime in the Lower Willamette would be
gpproximately 3% of the return to theriver (Lindsay et d. 1998, 1999). These studies are probably the
most accurate estimates of the catch and release mortdity of spring chinook because the differential
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mortaity associated with using certain fishing techniques and tackle characterigtic of the Willamette
fishery were taken into account in the estimates. Given that dl hatchery spring chinook have been
externaly marked since 1996 and the information on catch and release mortdity, it gppears unlikely that
the continued release of hatchery fish poses a substantid threat to the wild population in the Clackamas
River from being overharvested in fisheries. This assumes that selective fisheries will be implemented as
planned in 2002.

52112 Juveniles

The release of juvenile hatchery chinook can dso directly and indirectly impact naturd-origin chinook
that may be rearing in the stream.  The effects of the release of juvenile hatchery fish on listed species
was fully evauated in section 5.1. Asdiscussed in section 3 above and depicted in Figure 3, most of
the natura production of spring chinook in the Clackamas Subbasin occurs upstream of North Fork
Dam. Since the rdease of smolts occurs from Clackamas Hatchery, which is downstream from North
Fork Dam, the potentid for interaction between hatchery fish and natura-origin fish rearing in the
stream is greatly reduced. However, during winter and spring, hatchery smolts could co-occur in the
stream with naturd-origin chinook smolts which are emigrating to the ocean. Since the Sze of hatchery
and naturd-origin fish emigrating during this period is relatively smilar, predation of hatchery fish on
naturd-origin smoltsis unlikely (Pearson and Fritts 1999). Competition or density-dependent effects
could occur. However, since the fish are actively moving downstream, it is uncertain if biologica
resources would bein limited supply. No information was available on the degree of resdudism and
disease transmission from hatchery to naturd-origin chinook in the Willamette Basin.

5.2.1.2 Winter steelhead

Winter steelhead in the Clackamas Subbasin have been determined to be part of the Lower Columbia
River ESU. Theimpacts of the hatchery spring chinook to listed winter steelhead in the Clackamasiis
asessed below. The impacts from the steelhead hatchery programsin the Clackamas are evauated in
NMFES Biologica Opinion for the Lower Columbia River steelhead ESU.

52121 Adults

Impacts to listed adult winter steelhead in the Clackamas Subbasin from the hatchery spring chinook
program are likely to be neglible. Native winter steelhead return to the Clackamas primarily from
Febuary through May. Adult hatchery spring chinook return to the Clackamas River primarily from
April through September. The only likely adverse effect of hatchery chinook on listed steelhead may be
in the form of behavior changesin adult stedlhead when adult hatchery chinook may aso be present in
the Clackamas River. However, this effect is unquantified and does not likely result in decreased
surviva or reproduction of listed adult steelhead.
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52122 Juveniles

The effects of hatchery chinook on listed juvenile steelhead are likely to be minor. Adult hatchery
chinook are not likely to adversely affect juvenile stedhead that may be rearing in Sream. Juvenile
hatchery chinook may co-occur with juvenile steehead in the lower 23 miles of the Clackamas River
(hatchery to the mouth). However, the most likdly effect would be predation of hatchery chinook on
age-0 sedhead. Clackamas River stedlhead are ardatively late returning winter run, spawning
primarily March through June. Age-0 steehead typicaly incubate in the gravel for more than 45 days
and are not likely to have emerged during the period when hatchery chinook are released (February
through May). Age-1+ steelhead that may be present in the Lower Clackamas are likely to be greater
than 80 mm (Shibahara et d. 1998), thus resulting in alow likelihood of being esten by hatchery spring
chinook which are of amilar size (Pearsons and Fritts 1999).

5.2.2 MolallaSubbasn

Hatchery releases of summer and winter steelhead were diminated in 1999 (see section 2.2). Only
hatchery spring chinook are proposed for release into the Molala Subbasin. No broodstock are
collected from the subbasin. The primary effects on listed species in the subbasin would be associated
with the release of hatchery chinook and the return of hatchery spring chinook adults. These specific
effects are evaluated below.

5.2.2.1 Spring chinook
52211 Adults

The best available information suggests the wild population of spring chinook in the Moldla Subbasin is
extinct (Kostow 1995; Nicholaset d. 1995; Myerset a. 1998). If naturdly spawned fish occur in the
Moldla Subbasin, they are likely offspring from hatchery spring chinook, which have been released in
an effort to reestablish naturd production (Nicholas et d. 1995). If it is assumed that the indigenous
chinook population is extinct, then adult hatchery chinook spawning in the river would likely incresse
natural production in the subbasin, which would be beneficid given the current status of chinook in the
Moldla The USGS (Wentz et d. 1998) showed water quality, habitat quality, and the native fish
community in the Molala Subbasin to be severdly dtered. Given the current degraded condition of the
subbasin, alowing hatchery chinook to spawn naturally appears to be an appropriate strategy to
increase production (in terms of benefits from additiond spawning and from the indirect and direct
effect carcasses, see section 5.1) and will not likely impact the natura-origin fish that may be present.

An indirect effect on naturd-origin adult spring chinook from the release of hatchery spring chinook are
the impacts associated with fisheries occurring on the hatchery chinook when they return as adults. In
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the past, Willamette River hatchery spring chinook have supported popular fisheries with harvest rates
in the Lower Willamette River done being rdatively high (Figure with harvest rates). The harvest rate
of goring chinook in the Moldla River is unknown but is likely to be smilar to harvest rates observed in
other tributaries. These harvest rates have ranged from 20% to 30% (ODFW 2000 staff report).

The last few years, ODFW has been eva uating potentia impacts associated with sdective fishery on
hatchery soring chinook in the Willamette River Baan. Prdiminary information suggests the mortdity of
natura-origin spring chinook under a sdective fishery regime in the Lower Willamette would be
approximately 3% of the return to theriver (Lindsay et d. 1998, 1999). These studies are probably the
most accurate estimates of the catch and release mortdity of spring chinook because the differentia
mortaity associated with using certain fishing techniques and tackle characterigtic of the Willamette
fishery were taken into account in the estimates. Given that dl hatchery spring chinook have been
externaly marked since 1996 and the information on catch and release mortdity, it gppears unlikely that
the continued release of hatchery fish poses a substantia threet to recovery efforts to establish a
naturdly spawning chinook population in the Molala Subbasin. This assumes that sdlective fisheries will
be implemented as planned in 2002.

52212 Juveniles

As discussed above, the status of the indigenous chinook population is likely to be extinct. If offpring
from hatchery fish that spawned in the subbasin are present, the release of hatchery smolts may affect
these naturd fish. Impacts are likely to be from the hatchery smolts consuming the smdler fry.
However, the duration of this potentia impact will be low since the smolts are actively emigrating to the
ocean.

5.2.2.2 Winter steelhead

Releases of Big Creek hatchery winter steelhead (non-ESU stock) were diminated in 1999. The
returns of early run winter steelhead should decrease subgtantidly in the next few years.

52221 Adults

Impacts to winter steelhead from the hatchery spring chinook program are likely to be very low.
Hatchery chinook return from May through July to the Moldla. Winter sedhead return earlier and are
likely to have spawned by the time spring chinook may be present. Spring chinook spawn in
September and October (Nicholas et a. 1995), so there is no chance of hatchery chinook
superimposing on winter steelhead redds before the juvenile steelhead emerge from the grave (May
through July).
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52222 Juveniles

The release of hatchery spring chinook smolts may affect winter stedlhead juveniles. Since age-0
steelhead are not likely to have emerged from the gravel during the period when hatchery chinook are
released (February and March), impacts should be low or non-existent. Hatchery smolts may compete
with older age steelhead (age-1+) rearing in the stream. Age-1+ steelhead are large enough to
minimize the risk of being consumed by hatchery chinook smolts (Pearsons and Fritts 1999). These
potentia effects will be of limited duration because hatchery smolts are actively emigrating to the ocean
when released.

5.2.3 North Santiam Subbasn

The specific effects on listed pring chinook in the North Santiam Subbasin are likely to occur from
hatchery chinook spawning with natura-origin fish and from collecting natura-origin fish for broodstock
in the Marion Forks hatchery program. Potentid adverse effects to juvenile spring chinook are likely to
result from the release of juvenile hatchery spring chinook and summer steelhead in the North Santiam
Subbasin. Adult winter steelhead are not likely to be present during the periods when spring chinook
and summer steelhead are collected for broodstock. Below isthe analysis of effects on listed adult and
juvenile spring chinook and listed juvenile and adult winter steelhead.

5.2.3.1 Spring chinook
52311 Adults

Impacts from the proposed actions on adult spring chinook in the North Santiam Subbasin are primarily
from hatchery fish interbreeding with naturd fish in the wild and from collecting natura-origin chinook
for hatchery broodstock.

Since hatchery fish could not be differentiated from naturd-origin fish on the spawning grounds, it has
been difficult to determine the percentage of spawners that were of hatchery origin. However, some
information suggests that hatchery fish comprised a substantial number of natural spawners. Dueto the
Minto trgp only being open long enough to collect sufficient broodstock and because the uppermost
point of returnis at the trap, Cramer et d. (1996) suggested that 50% of the hatchery fish return could
have spawned naturaly. Minto trap islocated approximately 3 miles beow Big Cliff Dam, which
blocked al upstream passage in 1953. Since hatchery chinook are released a Minto trap, it would be
expected that many hatchery fish would spawn in the mainstem because they cannot migrate upstream
and because they do not have any other specific place to home back to. Asanayzed in section 5.1
hatchery fish can interbreed with naturd-origin fish, resulting in reduced fitness of the wild population. It
is assumed that wild gene frequencies could have changed from hatchery interbreeding in the North
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Santiam similar to that modeled by Nedey (1996) for the Clackamas River (Figure 31). Some natura
gpawning of chinook is known to occur in the Little North Santiam River, atributary to the North
Santiam River a rivermile 39. However, the proportion of hatchery fish spawning in thistributary is
unknown. A lower proportion of hatchery fish would be expected to occur in this tributary because
hatchery smolts are released from the Minto trap.

Impacts to the wild population from the collection of naturd-origin fish for broodstock a Minto trap is
unknown. Since the Minto trap is the uppermost extent of the current distribution of spring chinook,
impects are localized and interception of naturd-origin fish that may be returning esewhere within the
subbasin isminimized. Incorporating a significant percentage of natura-origin fish into the broodstock,
from the volitiond returnsto the Minto trap, would likely reduce impacts associated with hatchery fish
sgpawning in the wild downstream. In this case, using natura-origin fish in the broodstock may be the
best strategy and would likely reduce the deleterious effects associated with hatchery and natura-origin
spring chinook interbreeding.

Based on the results observed from outplanting adult spring chinook above Cougar Dam in the
McKenzie Subbasin (see section 5.2.5 and Corps 1999). Releasing hatchery chinook that return to the
Minto trap could increase natura production in the streams above the dams that were once ble
to soring chinook. The benefits of this action would be producing offspring which could utilize the
currently vacant habitat and supplying juvenile sdlmonids and the stream ecosystem with additiona
nutrients from the spawned out chinook carcasses.

An indirect effect on natura-origin adult spring chinook from the release of hatchery spring chinook are
the impacts associated with fisheries occurring on the hatchery chinook when they return as adults. In
the past, Willamette River hatchery spring chinook have supported popular fisheries with harvest rates
in the Lower Willamette River done being reaively high (Figure 24). The harvest rate of spring
chinook in the North Santiam River is estimated to be an additiona 24% (ODFW 2000 staff report). It
isunclear if the presence of hatchery fish in the North Santiam has increased the harvest of naturd-
origin fish or has provided a buffer on the harvesting natura-origin fish because mogt of the catch is

hatchery fish.

The last few years, ODFW has been eva uating potentia impacts associated with sdective fishery on
hatchery soring chinook in the Willamette River Baan. Prdiminary information suggests the mortdity of
natura-origin spring chinook under a sdective fishery regime in the Lower Willamette would be
approximately 3% of the return to theriver (Lindsay et d. 1998, 1999). These studies are probably the
most accurate estimates of the catch and release mortdity of spring chinook because the differentia
mortaity associated with using certain fishing techniques and tackle characterigtic of the Willamette
fishery were taken into account in the estimates. Given that dl hatchery spring chinook have been
externaly marked since 1996 and the information on catch and release mortdity, it gppears unlikely that
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the continued release of hatchery fish poses a substantid threet to the naturd-origin population in the
North Santiam River from being overharvested in fisheries. This assumes that selective fisherieswill be
implemented as planned in 2002.

52312 Juveniles

The rdease of hatchery chinook is likely to impact to naturd-origin juvenile chinook in the North
Santiam Subbasin. Hatchery chinook are released at Minto trap (the uppermost extent of anadromous
fish digribution). Hatchery fish will be emigrating through areas in which naturd-origin juvenile fish are
likely to be present because it is the only area currently available for spawning, besides the Little North
Santiam River. Hatchery smolts are proposed for release in February through April. 1tislikey that
age-0 fry (< 50 mm) would have emerged from the gravel and be present in low veocity aress of the
North Santiam River. Hatchery smoltswould be large enough to consume natura-origin chinook fry.
The hatchery smolts could also compete with natura-origin age-1+ chinook that may be present. Since
the chinook are rdeased as smolts, it would be expected that the fish will emigrate quickly through the
North Santiam River. Since the distance from the release point to the mouth of the North Santiam
River is gpproximately 55 miles, the potentia impacts should be of short duration.

The release of hatchery summer steelhead smolts would be expected to result in Smilar impacts to
natura-origin juvenile chinook as mentioned above for hatchery chinook smolts.

5.2.3.2 Winter steelhead
52321 Adults

The impacts on adult winter steelhead from the hatchery spring chinook program are low. Listed winter
geelhead in the North Santiam return from February through May. Hatchery spring chinook pass
Willamette Fals primarily April through August. Because of the tempora separation of run timing
between winter steelhead and spring chinook, effects are likely to be low. Hatchery chinook smolts
emigrate during the period when winter steelhead are present in the North Santiam Subbasin.

However, no adverse effects are likely to occur because winter steelhead are Sgnificantly larger.

The summer stedhead hatchery program has the potentid to subgtantidly impact winter seelhead in the
North Santiam Subbasin. Chilcote (1998) conducted an andysis of the effects of non-native summer
steelhead on native Clackamas River winter steelhead. He showed a decrease in the productivity of
Clackamas winter steelhead from the introduction of naturaly spawning non-native summer steelhead.
Chilcote' s analyss has implications to the North Santiam, where non-native summer steelhead and
indigenous winter steelhead co-occur. The purpose of the summer steelhead hatchery program isto
provide harvest opportunities and removad dl of the returning summer stedhead. However, it is not
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known to what extent summer stedlhead spawn naturdly in the North Santiam Subbasin. If summer
steelhead spawn naturdly, it is assumed the North Santiam winter steelhead population would exhibit a
decrease in stock productivity smilar to that in the Clackamas River.

Recrestiond fishing for hatchery summer stealhead is not expected to impact winter steelhead because
of the tempora separation in the runs. Summer stedhead return to the North Santiam primarily from
May through September.

52322 Juveniles

Since winter steelhead in the Upper Willamette ESU spawn from February through June, the age-0 fish
will likely till bein the gravel incubating when the hatchery summer stedhead and spring chinook smolts
are reeased from February through May. Older aged (> 1 year old) steelhead will likely be affected

by juvenile hatchery fish in the North Santiam. However, because the naturd-origin and hatchery are of
relatively amilar size (>80 mm), risks of predation are low (Pearsons and Fritts 1999). Competition
may occur, but since the hatchery smolts are actively emigrating to the ocean, this effect should be of
limited duration.

5.2.4 South Santiam Subbasin

Impacts from the proposed actions are likely to affect spring chinook and winter steelhead in the South
Santiam Subbasin. The effects of the actions are primarily related to the release of hatchery smolts, the
collection of goring chinook broodstock, and the spawning of hatchery chinook in the wild. Adult
winter steelhead are not likely to be present during the periods when spring chinook and summer
steelhead are collected for broodstock. Below isthe analysis of the likely effects on listed adult and
juvenile spring chinook and listed juvenile and adult winter steelhead.

5.2.4.1 Spring chinook
52411 Adults

The limited information on spring chinook below Foster Dam in the South Santiam River suggests that
some natural spawning occurs (see section 3 above). However, it is unknown what proportion of the
natura spawners are hatchery fish. Since Foster Dam blocked access to nearly dl historical spawning
areasin 1966, it is unknown if aremnant, indigenous population till exists below Foster Dam. Since
hatchery spring chinook are released and collected at Foster Dam (the uppermost extent of natural
passage), it islikely that hatchery fish have spawned below the dam and have significantly affected (like
shown in Figure 31) the remaining wild population (if it ill exists).
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Based on the results observed from outplanting adult spring chinook above Cougar Dam in the
McKenzie Subbasin (see section 5.2.5 and Corps 1999). Releasing hatchery chinook that return to the
Foster Dam trgp could increase natura production in the streams above the dams that were once
accessble to soring chinook. The benefits of this action would be producing offspring which could
utilize the currently vacant habitat and supplying juvenile saimonids and the stream ecosystem with
additiona nutrients from the spawned out chinook carcasses.

An indirect effect on naturd-origin adult spring chinook from the release of hatchery spring chinook are
the impacts associated with fisheries occurring on the hatchery chinook when they return as adults. In
the past, Willamette River hatchery spring chinook have supported popular fisheries with harvest rates
in the Lower Willamette River done being relaively high (Figure 24). The harvest rate of spring
chinook in the South Santiam River islikely to be at least an additiona 20%.

The last few years, ODFW has been eva uating potentia impacts associated with sdective fishery on
hatchery soring chinook in the Willamette River Baan. Prdiminary information suggests the mortaity of
natura-origin spring chinook under a sdective fishery regime in the Lower Willamette would be
approximately 3% of the return to theriver (Lindsay et d. 1998, 1999). These studies are probably the
most accurate estimates of the catch and release mortdity of spring chinook because the differentia
mortaity associated with using certain fishing techniques and tackle characterigtic of the Willamette
fishery were taken into account in the estimates. Given that dl hatchery spring chinook have been
externaly marked since 1996 and the information on catch and release mortdity, it gppears unlikely that
the continued release of hatchery fish poses a substantia threet to establishing a naturaly spawning
population in the South Santiam River from being overharvested in fisheries. This assumesthat sdlective
fisheries will be implemented as planned in 2002.

5.24.1.2 Juveniles

In attempts to increase naturd production in the subbasin, adult hatchery chinook have been outplanted
above Foster Dam and in severd tributaries to the South Santiam River below Foster Dam (Lindsay et
a. 1998). Itislikey that some natura production has occurred and juveniles may be present when
hatchery chinook and summer steelhead smolts are released a South Santiam Hatchery. Naturdly
produced age-0 chinook fry are likely to have emerged from the gravel and present in dow velocity
arees of the stream. Hatchery smolts could potentialy consume naturd-origin fry because of thelr sze
(Pearsons and Fritts 1999). However, the interaction period is of limited duration because the hatchery
smolts are actively emigrating. Naturdly produced age-1+ chinook will emigrating during the time
periods when hatchery smolts are released. Predation of naturd-origin smoltsis not likely and potentia
compstitive effects are not known.

5.2.4.2 Winter steelhead
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52421 Adults

The impacts on adult winter steelhead from the hatchery spring chinook program are low. Listed winter
geelhead in the South Santiam return from February through May. Hatchery spring chinook pass
Willamette Fals primarily April through August. Because of the tempora separation of run timing
between winter steelhead and spring chinook, effects are likely to below. However, in years when the
return of spring chinook is high, late arriving winter seelhead could be affected in the fish ladder at
Foster Dam by the overcrowding of chinook (V. Shawe, ODFW South Santiam Hatchery, personal
communication 4/25/00). Hatchery chinook smolts emigrate during the period when winter steelhead
are present in the South Santiam Subbasin. However, no adverse effects are likely to occur because
winter dedhead are Sgnificantly larger.

The summer steelhead hatchery program has the potentia to substantialy impact winter sedhead in the
South Santiam Subbasin. Chilcote (1998) conducted an andlysis of the effects of non-native summer
steelhead on native Clackamas River winter steelhead. He showed a decrease in the productivity of
Clackamas winter stelhead from the introduction of naturaly spawning non-native summer stedheed.
Chilcote' sanaysis hasimplications to the South Santiam, where non-native summer steelhead and
native winter stedlhead co-occur. The purpose of the summer steelhead hatchery program isto provide
harvest opportunities and not allow summer steelhead to spawn in the wild. However, it is not known
to what extent summer stedlhead spawn naturaly in the South Santiam Subbasin. If summer stedlhead
spawn naturdly, it is assumed the South Santiam winter steelhead population would exhibit a decrease
in stock productivity smilar to that in the Clackamas River. However, no summer steelhead are
proposed to be passed above Foster Dam. Thiswill diminate al potentid effects to the winter
steelhead population above Foster Dam (Figure 19, Figure 22).

Recrestiond fishing for hatchery summer stealhead is not expected to impact winter stedlhead because
of the tempord separation in the runs. Summer steelhead return to the South Santiam primarily from
May through September. Many of the summer steelhead captured at Foster Dam are released
downstream so they have the potentia of being caught in the fishery again. This promotes the remova
of summer steclhead.

52422 Juveniles

Since winter steelhead in the Upper Willamette ESU spawn from February through June, the age-0 fish
will likely till bein the gravel incubating when the hatchery summer stedhead and spring chinook smolts
are rdleased from February through May. Age 1+ steelhead will likely be affected by juvenile hatchery
fish in the South Santiam. However, because the natura-origin and hatchery are of rdatively smilar
gze (>80 mm), risks of predation are low (Pearsons and Fritts 1999). Competition may occur, but
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gnce the hatchery smolts are actively emigrating to the ocean, this effect should be of limited duration.
The juvenile winter steelhead population above Foster Dam will not be affected by hatchery summer
steelhead and spring chinook. However, catchable, resident rainbow trout are stocked into Foster
Reservair for angling opportunities. Listed juvenile winter steelhead rearing or emigrating through the
reservoir may be impacted by the larger rainbow trout through displacement, competition, or predation
(see section 5.1 above). Juvenile stedhead may be incidentally caught and retained in the fishery if they
are gregter than eght inchesin length under current fishing regulations. Juvenile fish may aso be caught
and released with an associated mortality (Mongillo 1984).

5.25 McKenzie Subbasn
5.2.5.1 Spring chinook

The specific effects on listed spring chinook in the McKenzie Subbasin are likely to occur from
hatchery chinook spawning with naturd-origin fish and from collecting natura-origin fish for broodstock
in the McKenzie hatchery program. Potentid adverse effects to juvenile spring chinook are likely to
result from the release of hatchery spring chinook, hatchery rainbow trout and hatchery summer
sedhead in the McKenzie Subbasin. Below isthe andyss of effects on listed adult and juvenile soring
chinook.

52511 Adults

In previous years, the spawning of hatchery chinook in some potentia naturd production areas has
been high. Williset d. (1995) dated that 63%, 59%, and 47% of the natura spawners below Leaburg
Dam in 1990, 1994, and 1995, respectively were hatchery fish. From 1994 to 1999, the percentage of
hatchery spring chinook above Leaburg Dam has ranged from 15-45% (ODFW 2000 staff report).
Based on the recovery of CWTsin 1998 (BY 1994), ODFW (1998) found returns to Leaburg Dam
from hatchery spring chinook released in Y oungs Bay, Lower Willamette River, S. Santiam, and the
Middle Fork Willamette. Most of these fish were McKenzie hatchery stock, but South Santiam and
Willamette hatchery stocks were aso present. In the same report, CWTS collected from carcassesin
the McKenzie River below Leaburg Dam showed fish from Clackamas and South Santiam hatchery
stock. Most of the fish recovered in the McKenzie River that were non-McKenzie hatchery stock had
been transferred to McKenzie Hatchery a some point for rearing. Similar recoveries of non-McKenzie
hatchery stock in the McKenzie Subbasin occurred in 1997 (ODFW 1997)

The action agencies propose to alow up to 30% of the spring chinook passing Leaburg Dam to be
hatchery fish (ODFW 1998b). Cramer et d. (1996) thought the high proportion of natural spawners
below Leaburg Dam that were hatchery fish could be atributed to the small stream where the hatchery
islocated, thus providing relatively low attraction to returning hatchery adults, and unimpeded access
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gpawning habitat in the McKenzie River from the mouth to Leaburg Dam.

Asassessed in sections 5.1.2 and 5.2.1, the interbreeding between hatchery and natura-origin chinook
sdmon can result in genetic changes to the indigenous McKenzie River naturd-origin population (Grant
1997). Itisundear if the relationship between McKenzie hatchery fish and natura-origin fish issmilar
to the relationship modeled by Nedey (1996) for the Clackamas River (Figure 24). The McKenzie
hatchery stock has been derived from indigenous McKenzie Subbasin spring chinook and has likely
incorporated natura-origin fish into the broodstock on aregular bas's, which would change the
theoretical relationship. However, a conservative approach would be to assume that asmilar
relationship would occur in the McKenzie Subbasin. In this case, the chinook hatchery program could
have asubstantial impact on the natura-origin spring chinook population in the McKenzie Subbasin
from hatchery fish spawning in the wild (see section 5.1 above).

The McKenzie Hatchery spring chinook program can aso impact natura-origin chinook from the
collection of broodstock. Since dl of the hatchery spring chinook returns have not been externdly
marked, the percentage of the return to the McKenzie hatchery that were naturd-origin fish is not
certain. From 1997 to 1999, Nandor (2000) estimated the proportion of the return to the hatchery that
were naturd-origin fish ranged from 13.5% to 24.8%. In 1997 and 1998, the percentage of the total
natura-origin run to the McKenzie Subbasin that entered the hatchery was 15% and 17%, respectively.
Therisk of asgnificant proportion of the total wild run in the McKenzie is low because of the low
attraction for adults to return to the smal stream where the hatchery is located.

In the past, natura-origin chinook could have been included in the excess fish that were disposed of
and not used for the hatchery program or adlowed to spawn naturdly (Figure 30). This potentia impact
could be reduced in 2000 and beyond if only hatchery fish are disposed of and unmarked, natural-
origin fish are released to spawn naturally or used in the broodstock.

In recent years, the ODFW has released live spring chinook adults above Cougar Reservoir in the
McKenzie Subbasin. Cougar Dam is the uppermost extent of naturd upstream distribution in the South
Fork McKenzie River. Hatchery fish collected from the McKenzie and Willamette hatcheries have
been outplanted (Lorz 2000). Since this dam blocks upstream passage of spring chinook, releasing
spring chinook above the reservoir to spawn naturally could increase naturd production in the South
Fork McKenzie River. Studies conducted in 1999 have shown substantia emigration of pring chinook
sdmon smolts through the turbines and regulating outlets of Cougar Dam. An estimated 15,500 to
18,000 juvenile chinook migrated through the dam (Corps 1999). This suggests that hatchery chinook
adults outplanted above Cougar Reservoir spawning successfully and producing natural smoltsin the
McKenzie Subbasin. Since upstream passage of spring chinook is currently not possible, this strategy
is beneficid for natura production in that the historic habitat for oring chinook is being utilized.
However, since the available information suggests hatchery fish are producing naturd smolts, the use of
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Willamette Hatchery stock may adversely affect the indigenous McKenzie spring chinook population to
agreater degree when the offspring return as unmarked adults than if McKenzie Hatchery fish were
used solely for the outplanting in the subbasin. The Strategy appears to be appropriate for increasing
natura production in habitat that was historicaly available. However, surplus McKenzie Hatchery
stock would likely be more gppropriate for outplanting (Figure 30).

In recent years, fishing in the McKenzie River has been closed. 1n 2001, the mgority of hatchery fish
returning to the McKenzie will be externaly marked. The ODFW has proposed a sdlective fishery for
marked chinook retention in 2001. This strategy could be beneficid for removing hatchery fish that
may spawn in the lower McKenzie, thus reducing the proportion of hatchery fish that spawn naturaly.

The last few years, ODFW has been eva uating potentia impacts associated with sdective fishery on
hatchery soring chinook in the Willamette River Baan. Prdiminary information suggests the mortdity of
natura-origin spring chinook under a sdective fishery regime in the Lower Willamette would be
approximately 3% of the return to theriver (Lindsay et d. 1998, 1999). These studies are probably the
most accurate estimates of the catch and release mortdity of spring chinook because the differentia
mortaity associated with using certain fishing techniques and tackle characterigtic of the Willamette
fishery were taken into account in the estimates. Given that dl hatchery spring chinook have been
externaly marked since 1996 and the information on catch and release mortdity, it gppears unlikely that
the release of hatchery fish continues to pose a substantid threat to the wild population in the McKenzie
Subbasin from being overharvested in fisheries. This assumes that selective fisheries will be
implemented as planned.

Hatchery summer steelhead and rainbow trout are also released in the McKenzie Subbasin. Impacts
on adult spring chinook from juvenile and adult summer steelhead are likely to be low or non-exigtent.
Summer stedhead smolts are likely to have emigrated from the subbasin before the mgority of adult
gpring chinook return. Summer stedhead adults have a return timing Smilar to spring chinook.
However, any adverse competitive effects on chinook are likely non-existent due to the larger size of
chinook and differencesin the holding preference of adults (Meehan 1991). If summer stedhead are
not harvested and spawn naturaly, they could potentidly superimpose their redds on spring chinook
eggs and fry in the graved of the stream. Bjornn and Reiser (1991) show smilar habitat preferences for
redd locations of summer steelhead and spring chinook. However, this potentid effect is unquantified
and islikely related to the annua abundance of spring chinook and steelhead. Actions are taken to
maximize the harvest of summer stedlhead and not alow them to spawn naturaly. The presence of
legal-sized rainbow trout are not likely to affect adult chinook for the same reasons stated above.

The presence of adult summer steelhead and lega sized rainbow promotes recregtiond fisheries which

may catch adult chinook salmon. The effects of these fisheries will be evaduated fully in NMFS
consultation with ODFW on fisheriesin the Willamette Baain. However, because of the techniques
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used to catch steelhead and rainbow trout and the existing fishing regulationsin the McKenzie,
anticipated incidental mortality of adult chinook islow.

52512 Juveniles

The release of juvenile hatchery chinook can dso directly and indirectly impact natura-origin chinook
that may co-occur in the stream.  The effects of the release of juvenile hatchery fish on listed species
was fully evaluated in section 5.1. Asdiscussed in section 3 above, most of the naturd production of
gpring chinook in the McKenzie Subbasin occurs upstiream of Leaburg Dam. Since the release of
smolts occurs from McKenzie Hatchery, which is downstream from Leaburg Dam, the potential for
interaction between hatchery fish and naturd-origin fish rearing in the stream is greetly reduced.
However, during winter and spring, hatchery smolts could co-occur in the stream with naturd-origin
chinook smolts which are emigrating to the ocean. Since the size of hatchery and naturd-origin fish
emigrating during this period isrdaively smilar, predetion of hatchery fish on naturd-origin smoltsis
unlikely (Pearson and Fritts 1999). Age-0 fry may be present below Leaburg Dam, where hatchery
smolts could predate or compete with the naturd-origin fish as they emigrate downstream. Competition
or density-dependent effects could occur. However, since the fish are actively moving downstream, it
isuncertain if biologica resources would be in limited supply. No information was avallable on the
degree of resduaism and disease trangmisson from hatchery to naturd-origin chinook in the Willamette
Basin. Since hatchery smolts are likely to bein the Lower McKenzie for only ashort period of time
sncethey are actively emigrating to the ocean, the effects are probably low.

5.2.5.2 Winter steelhead

The Upper Willamette River steelhead ESU does not include the McKenzie Subbasin (February 16,
2000 FRN 65 7764). Therefore, evaluating the impacts from the proposed actions on winter steelhead
is not relevant in the McKenzie Bagin.

5.2.6 MiddleFork Willamette Subbasin
5.2.6.1 Spring chinook

Asdiscussed in sections 3 and 4, because most of the historic spawning habitat has been blocked by
damsin the Middle Fork Subbasin and recent spawning surveys have shown few spawnersin the
available habitat below Dexter Dam, awild population probably does not currently exist in this
subbasin. However, because hatchery fish can not be differentiated from natura-origin fish, it is
uncertain if natura-origin fish have in fact returned to the collection facility at Dexter Pond in recent
years. In 2002, most of the hatchery fish returning to the Middle Fork will be externdly marked. This
will dlow the number of unmarked spring chinook to be quantified. However, these unmarked fish may
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be returns from hatchery fry released in the reservoirs and in the Willamette River in previous years.

Based on the available information and current Situation of unmarked hatchery fish, impacts from the
proposed actions to natural-origin spring chinook in the Middle Fork Subbasin cannot be evauated.
However, it is expected that impacts are zero because awild population is not likely to exist in this
subbasin.

Based on the results observed from outplanting adult spring chinook above Cougar Dam in the
McKenzie Subbasin (see section 5.2.5 and Corps 1999). Releasing hatchery chinook that return to the
Dexter trgp could increase natura production in the streams above the dams that were once ble
to soring chinook. The benefits of this action would be producing offspring which could utilize the
currently vacant habitat and supplying juvenile salmonids and the stream ecosystem with additiona
nutrients from the spawned out chinook carcasses.

An indirect effect on natura-origin adult spring chinook from the release of hatchery spring chinook are
the impacts associated with fisheries occurring on the hatchery chinook when they return as adults. In
the past, Willamette River hatchery spring chinook have supported popular fisheries with harvest rates
in the Lower Willamette River done being rdaively high (Figure 24).

The last few years, ODFW has been eva uating potentia impacts associated with sdective fishery on
hatchery soring chinook in the Willamette River Baan. Prdiminary information suggests the mortdity of
natura-origin spring chinook under a sdective fishery regime in the Lower Willamette would be
approximately 3% of the return to theriver (Lindsay et d. 1998, 1999). These studies are probably the
most accurate estimates of the catch and release mortdity of spring chinook because the differentia
mortaity associated with using certain fishing techniques and tackle characterigtic of the Willamette
fishery were taken into account in the estimates. Given that dl hatchery spring chinook have been
externdly marked since 1996 (broodyear 1997) and the information on catch and release mortdlity, it
appears unlikely that the release of hatchery fish would pose a substantiad threeat to establishing a
naturally spawning population in the Middle Fork Willamette Subbasin. This assumes that sdlective
fisheries will be implemented as planned in 2002.

5.2.6.2 Winter steelhead

The Upper Willamette River steelhead ESU does not include the Middle Fork Subbasin (February 16,
2000 FRN 65 7764). Therefore, evauating the impacts from the proposed actions on winter steelhead
is not relevant in the Middle Fork Subbasin.

5.27 Coad Fork Subbasn
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5.2.7.1 Spring chinook

Two actions have been proposed in the Coast Fork Subbasin: the release of catchable rainbow trout,

and the rease of live Willamette stock adult hatchery chinook sdmon. The avallable information, as

discussed in section 3 above, suggests that naturd production of spring chinook is extremely limited or
non-existent. Because natural-origin spring chinook are not likely to be present in this subbasin at this
time, the proposed actions probably have no effect on listed spring chinook.

5.2.7.2 Winter steelhead

The Upper Willamette River steelhead ESU does not include the Coast Fork Subbasin (February 16,
2000 FRN 65 7764). Therefore, evaluating the impacts from the proposed actions on winter steelhead
is not relevant in the Coast Fork Subbasin.

5.2.8 Other Subbasns

No actions relevant to this consultation are proposed in the Upper Willamette, Y amhill, and Tudatin
subbasins. Thus, assessing impactsto listed fish in these subbasinsis not applicable.

5.2.9 Willamette River and Columbia River migration corridors, and estuary

The above andlysis of effects focused on the likely impacts to listed speciesin the specific subbasins.
Beow is an assessment of the likely impacts of the proposed actions to listed fish in the mainstem
Willamette River, the maingem Columbia River, estuary, and ocean. Information on the potentia
impacts from the proposed actions in the ocean is extremdly limited. The ocean is not included as
critical habitat for Upper Willamette River ESUs (February 16, 2000 65 FRN 7764).

Potentid impacts from the rlease of hatchery fish in the maingem Willamette and Columbiarivers are
primarily due to the interactions of juvenile hatchery and listed, naturd-origin fish and the interactions of
adult hatchery fish and listed, naturd-origin fish.

In the Columbia River Basin, the total release of hatchery fishislimited to 195 million (not including the
programs determined to be essentia for recovery). Thisartificid production cap was established to
limit the potentid adverse effects of having too many hatchery fish interacting with naturd-origin fish in
the migration corridors (NMFS 1999). All of the artificia production in the Upper Willamette ESUs s
included in NMFS' production cap.

Evidence for adverse ecologicd interactions in the migration corridor/ocean between hatchery fish and
natural-origin salmon islimited and equivoca (see section 5.1). Migrationa rate information presented
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by Dawley et d. (1986) indicates that sdmon and steelhead smolt movement through the estuary is
quite rapid, on average, three days. Samon smolts have been shown to travel downstream in the
estuary at rates ranging from 1 to >59 km/day for sub-yearling chinook, 5 to >59 km/day for yearling
chinook and 12 to >59 km/day for coho (Dawley et d. 1986). The minima duration of hatchery
samon - naturd-origin stedlhead overlgp due to the rapid movement of steelhead smolts through the
estuary diminishes the chances for adverse interactions through competition, predation, and disease
transmission. The reduced possibility for adverse interactions in the estuary is supported further by
Chapman et a. (1994) who observed that migrating steelhead smolts tend to have an offshore
digtribution in the estuary and this dong with their rgpid movement, means that the opportunity for
estuarine dendity-dependent growth depression is less for stedlhead that dower migrating summer-
migrant species. Ancther factor minimizes competition in the estuary is that the average sze of
gedhead smoltsin the estuary is approximately 200 mm FL. Thisis more than 1/3 longer than the
average length of coho or chinook yearlingsin the estuary (130-180 mm release Size) and would
suggest different food sources for the larger stedlhead than the commingled hatchery sdmon smolts
(WDFW 1998).

As addressed in Section 5.1, Dawley et d. (1986) reported that movement rates of steelhead through
the estuary and into the ocean are accelerated when compared to migration rates observed from
release Stesto the estuary. They reported that this finding indicates, in generd, that the use of the
Columbia River estuary by juvenile sdmonids originating from upstream areas is limited in duration
compared to use documented for other west coast estuaries. Chapman et a. (1994) aso reported that
sedlhead smolts move rapidly through the Columbia River estuary.

The minima duration of hatchery-naturad-origin stedlhead overlap due to the rapid movement of
sedhead smolts through the estuary diminishes the likelihood for adverse hatchery fish effects through
competition, predation, or disease transmission. In evauating the potentia impacts due to competition,
Witty et d. (1995) determined that increasing the number of hatchery steelhead in or just upsiream of
the estuary is unlikely to affect natura populations of anadromous fish. Therefore, the proposed
action’s adverse effects listed steelhead through interactions within the migration corridor are likely to
be minimdl.

The release of spring chinook and summer steelhead in the Upper Willamette Basin may affect other
liged ESUs as the fish emigrate into the Lower Willamette River and ColumbiaRiver. The Willamette
River enters the Columbia River at rivermile 101. Given the rates of emigration reported by Dawley et
d. (1986), the interaction time between hatchery fish released from the Willamette Basin and other
Columbia River ligted fish (see Table 2) islikely to be of limited duration. The most adverse effect in
the migration corridor would likdly result if Willamette River hatchery fish were present when ligted fall
chinook are emigrating downstream. Thisis not likely to occur because fal chinook emigrate later in
the soring and summer when Willamette hatchery fish would have dready migrated downstream.

129



July, 2000

5.3 Summary of Effects
5.3.1 Uppe Willamette spring chinook ESU

The proposed actions are likely to reduce the surviva of spring chinook in the Upper Willamette River
ESU. All of the subbasins where remnant, naturaly spawning spring chinook populations are known to
exig (Clackamas, North Santiam, McKenzie) have large artificid propagation programs for spring
chinook. These populations have been influenced by hatchery fish spawning naturdly to some extent
(Nicholas et d. 1995). The best available scientific information suggests that the interbreeding between
hatchery and natura-origin chinook can result in modifications to the fitness of wild populations (see
section 5.1). Thiswould likely decrease the productivity and genetic integrity of listed Upper
Willamette spring chinook (see Appendix B NMFS' draft jeopardy standard).

The impactsto listed spring chinook from the release of hatchery smoaltsis unquantified but likely to be
alow (see Appendix B for the specific ecologica interactions considered). This effect of hatchery
smolts on natura-origin juvenile fish is likely to be of short duration; the one to four week period of time
when the smalts are emigrating to the ocean. In the Clackamas Subbasin most of the haichery fish are
released downstream of where listed juvenile spring chinook would be residing in the stream.  Impacts
to listed juvenile spring chinook in the McKenzieis likely to dso be low because mogt of the hatchery
smoalts are reased below naturd fish rearing areas. However, in the North Santiam River substantid
overlap of hatchery and naturd-origin juvenilesin the stream occurs because hatchery fish are released
a Minto dam, which is gpproximately four miles downstream from the uppermost point of anadromous
fish digribution (Big Cliff Dam).

Mogt of the hatchery production of spring chinook is to mitigate for the significant loss of habitat from
the congruction of Federd damsin the Willamette Basin. Since the mgority of the core spring chinook
spawning aress have been log, it is unknown a thistimeif the remaining habitat is able to support self-
sugtaining natura populations of spring chinook. Given the current condition of the remaining habitat it
gppears unlikely that soring chinook will recover without regaining some of the habitat historically
avalladle for naturd production.

5.3.2 Upper Willamette winter steelhead ESU

The proposed actions may affect winter stleehead in the Upper Willamette ESU. The only subbasins
where actions are proposed and listed steelhead reside isin the Molalla, North Santiam, and South
Santiam subbasins. The primary effect of the proposed actions would be the competitive and predatory
impacts from hatchery smolts co-occurring in the stream with listed juvenile sedlhead. This effect is
unquantified. Because of the tempord separation of the return of winter steelhead and hatchery
chinook and summer stedhead, impacts to adult steelhead are likely to be minimal or non-existent.
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Winter steelhead populations in the Tudatin, Yamhill, Rickredl, Luckiamute, and Calgpooiarivers
would not likely be affected by the proposed actions. The abundance, productivity, population
sructure, and genetic diversity of winter eelhead in the Upper Willamette River ESU will not likely be
substantially affected by the proposed action (see Appendix B).

5.3.3 Lowe Columbia River ESUs

The proposed actions may affect listed chum salmon, chinook salmon, steelhead in the Lower
Columbia River ESUs while the hatchery fish are in the mainsem Columbia River. The potentid effects
to these ESUs are limited to the lower 100 miles of the Columbia River from the mouth of the
Willamette River to the estuary. The impacts from the proposed action would likely be from
competitive interactions and predation while co-occurring in the mainsem Columbia River. Therefore,
the abundance, productivity, population structure, and genetic diversity of the Lower Columbia River
ESUs will not likely be substantialy affected by the proposed action (see Appendix B).

5.34 Middle Columbia River ESUs

The proposed actions may affect stedlhead from the Middle Columbia River ESU while the hatchery
fish are migrating through the mainsem Columbia River. The potentid effects to these ESUs are limited
to the lower 100 miles of the Columbia River from the mouth of the Willamette River to the estuary.
The impacts from the proposed action would likely be from competitive interactions and predation
while co-occurring in the mainem Columbia River. Therefore, the abundance, productivity,

population structure, and genetic diversty of the Middle Columbia River ESU will not likely be
substantially affected by the proposed action (see Appendix B).

5.3.5 Uppe Columbia River ESUs

The proposed actions may affect listed steelhead and spring chinook from the Upper Columbia River
ESUs while the hatchery fish are migrating through the mainsem Columbia River. The potentid effects
to these ESUs are limited to the lower 100 miles of the Columbia River from the mouth of the
Willamette River to the estuary. The impacts from the proposed action would likely be from
competitive interactions and predation while co-occurring in the mainsem Columbia River. Therefore,
the abundance, productivity, population structure, and genetic diversity of the Upper Columbia River
ESUs will not likely be substantialy affected by the proposed action (see Appendix B).

5.3.6 SnakeRiver ESUs

The proposed actions may affect listed steelhead, spring/summer chinook, fall chinook, and sockeye
from the Snake River Basin ESUs while migrating through the mainstem Columbia River. The potentid
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effects to these ESUs are limited to the lower 100 miles of the Columbia River from the mouth of the
Willamette River to the estuary. The impacts from the proposed action would likely be from
competitive interactions and predation while co-occurring in the mainstem Columbia River. Therefore,
the abundance, productivity, population structure, and genetic diversity of the Snake River ESUs will
not likely be substantidly affected by the proposed action (see Appendix B).

6 Cumulative Effects

Cumulative effects are defined as the “ effects of future State or private activities, not involving federa
activities, which are reasonably certain to occur within the action area of the federd action subject to
consultation” (50 CFR 402.02). The action area defined in this consultation includes the entire
Willamette River Bagn.

The mgority of the remaining, core spawning and rearing habitat in the Willamette Basin for soring
chinook and winter sedlhead is on non-federd lands (private and state owned). Higtorically and
currently, agriculture, livestock grazing, forestry, municipa development, and other activities on non-
Federd land have contributed substantialy to the temperature and sediment problems in the Willamette
Basin (Benner and Seddll 1997; PNERC 1998). Significant improvement in reproductive success of
spring chinook and winter sedhead outside of federd land is unlikely without changesin agriculturd,
forestry, and development occurring within non-Federd riparian areas in the Willamette Basn. NMFS
is not aware of any future new (or changesto existing) State and private activities within the action area
that would cause greater impacts to listed species than presently occurs. Now that spring chinook and
winter steelhead are listed, NMFS assumes that non-Federa land owners will take stepsto curtail or
avoid future land management practices that would result in the take of this species. In addition, habitat
on non-federd land that is affected by forestry and agricultural practices should be better protected in
the future due to the State of Oregon’s recovery efforts of anadromous fish under the Willamette
Regtoration Initiative (Allen et d. 1999).

For actions on non-Federd lands in which the landowner or administering non-Federa agency bdlieves
are likely to result in adverse effects to soring chinook, winter stedlhead, or their habitat, the landowner
or agency should work with NMFS to obtain the gppropriate ESA section 10 incidental take permit,
which requires submission of a habitat conservation plan. If atake permit is requested, NMFS would
likely seek project modifications to avoid or minimize adverse effects and taking of listed fish.

However, thisis not likely to result in substantial improvement to current habitat conditions because
mogt of the land are smdll tracts owned by private citizens who are not likely to apply for section 10

permits.

Some improvements in habitat conditions for spring chinook and winter steelhead are expected on
Federa lands as a result of Northwest Forest Plan implementation, as guided by ESA consultation.
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However, much of the Federd land historically available to anadromous fish is currently inaccessible
because of the construction of Federd dams, which blocks or severdly hinders upstream passage. Itis
unlikely that oring chinook will recover to historic levels due to the subgtantiad loss of habitat unless
efforts are made to regain access to historic habitat. The recovery potentid for winter steelhead is
likely to be higher because of their digtribution and life history characterigtics (i.e. run timing, adult
habitat use).

NMFSis currently in consultation with the Corps. on the operation of their 13 flood control damsin the
Willamette Basn. NMFS assumes that this consultation will result in stream flows and other habitat
conditions that are more beneficia for the survival and recovery of listed fish than in past decades.

7 Conclusons

The standards for determining jeopardy are set forth in Section 7(a)(2) of the ESA as defined by 50
C.F.R. Part 402 (the consultation regulations). Procedures for conducting consultation under section 7
of the ESA are further described in the Services Consultation Handbook (USFWS and NMFS 1998).
Jeopardy is defined as to engage in an action that reasonably would be expected, directly or indirectly,
to reduce appreciably the likelihood of both the surviva and recovery of alisted speciesin the wild by
reducing the reproduction, numbers, or distribution of that species. NMFS' draft jeopardy standard for
hatchery programsis detailed in Appendix B.

Determining whether the proposed actions jeopardizes the surviva and recovery of listed species, in
particular the Upper Willamette River ESUs, is difficult because of the limited information on the actud
abundance and distribution of natura-origin spring chinook and steelhead. In addition, the proposed
actions have essentidly been occurring over the last 20 to 30 years. Because of this, it is extremely
difficult to separate the effects of the hatchery programs from other human and naturd factors
contributing to the current status of the ESUs. However, even though there are many uncertaintiesin
the actua impacts of the proposed actions, the conclusions reached in this Opinion erred on the sSide of
conserving and recovering the listed speciesin the Upper Willamette River ESUs.

With respect to the effects of hatchery programs on listed species, the time period over which the
actions are evaluated is critical for determining jeopardy. Given the above analyss of effects, if the
hatchery programs were only evaluated over a short period of time (1-10 years) in the future,
ggnificantly different conclusions could be reached than if the hatchery program was evauated over a
longer period of time (10 to 50 years, see Figure 31 as an example). Since the hatchery programs
were in exisgtence in the past and are likely to be ongoing in some fashion in the future, the long-term
effects of artificid propagation were consdered in the jeopardy determination. The effects of the
proposed actions were considered over alonger period of time (i.e. >10 years).
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The above andlysis of effects has demondtrated the proposed actions will likdly result in changesin the
abundance, productivity, population structure, and/or genetic integrity of the Upper Willamette River
spring chinook and winter seelhead ESUs. It isthe conclusion of NMFS that the hatchery programs
as described in the proposed actions appreciably reduces the survival and recovery of listed soring
chinook and thus, jeopardizes the continued existence of the Upper Willamette spring chinook ESU.
See NMFS dréft jeopardy standard in Appendix B for further information on the specific biologica
factors consdered in the jeopardy determination. NMFS has determined that the proposed actions do
not appreciably reduce the surviva and recovery of listed winter steelhead and thus, do not jeopardize
the continued existence of the Upper Willamette River winter sledlhead ESU. The proposed actions
will not result in the destruction or adverse modification of critical habitat for the listed Upper
Willamette River ESUs. NMFS determined that the proposed actions covered in this consultation do
not jeopardize the continued existence or result in adverse modification of critica habitat for the
following liged ESUs. Lower Columbia River chinook and stedhead, Columbia River chum, Middle
Columbia River steelhead, Snake River spring/summer chinook, fal chinook, steelhead, and sockeye,
and Upper Columbia River spring chinook and steelhead.

8 Reasonable and Prudent Alter native

Regulations (50 CFR 8402.02) implementing section 7 of the Act define reasonable and prudent
dternatives as dternative actions, identified during formal consultation, that: (1) can beimplemented in
amanner congstent with the intended purpose of the action; (2) can be implemented congstent with the
scope of the action agency’ s legd authority and jurisdiction; (3) are economically and technologicaly
feasble; and (4) would, NMFS believes, avoid the likelihood of jeopardizing the continued existence of
listed salmon and stedlhead or result in the destruction or adverse modification of critical habitat.

The reasonable and prudent dternative contained in this Opinion identify measures that will avoid
jeopardy of the Upper Willamette River spring chinook ESU. The measures remove jeopardy on listed
spring chinook in the Upper Willamette by: 1) immediately reducing the number of hetchery fish
spawning naturaly; 2) modifying the numbers and release locations of hatchery fish to reduce adverse
ecological effects; 3) development of localy adapted hatchery stocks; and 4) facilitating the
identification of hatchery- and naturally-produced fish. These reasonable and prudent aternative
consst of the following changes from the proposed action:

1. The action agencies shdl reduce the natural spawning of hatchery-origin spring chinook with
exiding natura spring chinook salmon populations.

a Clackamas Subbasin

I. The straying of hatchery spring chinook above River Mill or North Fork Dams
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on the Clackamas River shdl be restricted to reduce genetic and ecologica
risks associated with hatchery fish spawning in the wild. The NMFS, ODFW,
City of Portland, and PGE (agencies funding production) shal develop plans
and methods to capture and remove known hatchery chinook so that they do
not spawn naturdly.

The agencies currently working on plans to retrofit Clackamas River dam(s)
shdl request facilities which, to the extent possible, minimize impacts to naturd-
origin chinook from the sorting of hatchery fish.

In 2002, when most returning hatchery spring chinook will be externdly
marked, the action agencies shdl limit access of hatchery chinook to the extent
possible above North Fork Dam. No more than 30% of the fish passed
upstream shdl be hatchery spring chinook. |If the abundance of unmarked
gpring chinook passing North Fork Dam annudly is projected to be less than
500 figh, the action agencies must confer with NMFS' Hatcheries and Inland
Fisheries Branch, Portland, Oregon, on the percentage of hatchery fish that
could be dlowed to migrate past North Fork Dam and spawn naturally.

The release of McKenzie Hatchery spring chinook stock in the lower
Clackamas River shdl be eiminated to reduce the potentia straying and
gpawning of non-locd stock in the Clackamas Subbasin. The production
should be replaced with spring chinook returning to the Clackamas Subbasin
and/or Clackamas Hatchery.

North Santiam Subbasin

In 2001 and beyond when most fish returning will be marked, the number of
natural-origin (unmarked) spring chinook collected for broodstock a Minto
Pond shdl be limited to less than 10% of the annual broodstock goa (600 fish)
for Marion Forks Hatchery. All naturd-origin chinook in excess of thislimit
shdl be released back into the wild to spawn naturally.

McKenzie Subbasin

The straying of hatchery spring chinook above Legburg Dam on the McKenzie
River shdl be regtricted to reduce genetic and ecologica risks associated with
hatchery fish spawning in thewild. The Corps and ODFW shdl develop plans
and methods to capture and remove known hatchery chinook so that they do
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not spawn naturaly.

The Corps, ODFW, and Eugene Water and Electric Board currently working
on developing plans to improve the Leaburg Dam trapping facility shal develop
fadilities which, to the extent possible, minimize impacts to natura-origin
chinook from the sorting of hatchery fish.

In 2001 and beyond, when most returning hatchery spring chinook will be
externdly marked, the Corps and ODFW shal remove hatchery chinook to the
greatest extent possible a Leaburg Dam. |If the abundance of unmarked spring
chinook passing Leaburg Dam annudly is projected to be less than 700 fish, the
action agencies must confer with NMFS' Hatcheries and Inland Fisheries
Branch, Portland, Oregon, on the percentage of hatchery fish that could be
alowed to migrate past Leaburg Dam and spawn naturdly.

ODFW ghdl terminate al releases of surplus adult hatchery spring chinook
from non-McKenzie River hatchery stock into the McKenzie Subbasin. In
recent years, hatchery chinook from the Middle Fork Willamette Subbasin have
been outplanted to spawn naturdly in the McKenzie Subbasin.

2. The action agencies shdl facilitate differentiation between hatchery-origin and naturd-origin fish.

a

The action agencies shdl provide funding and mark (externdly, or interndly for

research purposes) dl artificidly-produced fish released into waters within the
geographic range of the spring chinook and winter seelhead ESUs. Thiswill dlow
hatchery spring chinook, steelhead, and trout to be distinguished from naturally-
produced, listed fish.

ODFW ghdl diminate the rlease of al unmarked juvenile hatchery fish (unfed fry,
fingerling) in waters likely containing listed spring chinook and winter stedhead.

9 Conservation Recommendations

Section 7(a)(1) of the ESA directs Federal agencies to utilize their authorities to further the purposes of
the ESA by carrying out conservation programs for the benefit of threstened and endangered species.
Conservation recommendations are discretionary agency activities to minimize or avoid adverse effects
of aproposed action on listed species or critical habitat, to help implement recovery plans, or to
develop information. NMFS believes the following conservation recommendations are congstent with
these obligations, and therefore should be implemented by the action agencies.
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All Agencies

The action agencies should fund and/or continue to collaboratively develop Hatchery and
Genetic Management Plans (HGMPs) for hatchery programsin the Upper Willamette River
spring chinook and winter steelhead ESUs. HGMPs should be finaized before September 30,
2003 (the end of this consultation period). Development of HGMPs for spring chinook should
be the highest priority.

The action agencies should devel op distinguishable marks (or a representative sample) for
hatchery soring chinook within each of the subbasins. Digtinguishable marks will dlow
assessment of the development of |ocally-adapted stocks and aid in the evauation of inter-basin

draying of hatchery fish.

The action agencies should develop production plans that minimize transfers of fish among
haicheries for rearing. Reducing the transfer of juvenile hatchery among subbasinswill likely
improve homing fiddity and reduce interbasin draying of hatchery fish.

The appropriate action agencies should consder relocating some of the mitigation hatchery
production to Lower Columbia River “sdect areas” This should provide greater utilization of
hatchery production and reduce the number of surplus fish returning to hatcheriesin the
Willamette Bagin.

Agency Specific

The Corps should develop contingency plans with the gppropriate agency(s) on production
godls (and release drategies) if future monitoring and evaluation suggests hatchery mitigation is
not being utilized in fisheries and the percentage of hatchery fish on the spawning groundsis
high. The contingency plans must clearly demondirate the benefits to naturd populations of
spring chinook and winter stedhead in the Upper Willamette River ESUs.

The ODFW should recycle adult hatchery (of known origin) sdmon and stedlhead captured at
hatchery facilities within the Willamette River Basin to promote the maximum harvest of
hatchery fish in recregtiond fisheries and reduce the number of surplusfish at the end of the
season. Hatchery fish should be recycled only within the subbasin in which the fish were
cgptured and downstream from the hatchery facility. Recycling shdl be terminated if the fish
would likdly spawn naturdly or when fishing is not likely to result in the harvest of the recycled
fish.

Incidental Take Statement
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Section 9 of the ESA and federal regulation pursuant to section 4(d) of the ESA prohibit the take of
endangered and threatened species, respectively, without speciad exemption. Take is defined asto
harass, harm, pursue, hunt, shoot, wound, kill, trap, capture or collect, or to attempt to engage in any
such conduct. Harm is further defined by both FWS and NMFS to include significant habitat
modification or degradation that results in death or injury to listed species by sgnificantly impairing
essentid behaviord patterns, including breeding, feeding, or shdtering. Harass is defined by both FWS
and NMFS asintentiona or negligent actions that creete the likelihood of injury to listed speciesto such
an extent as to sgnificantly disrupt norma behavior patterns which include, but are not limit to,
breeding, feeding or sheltering. Incidentd take is defined as take that isincidentd to, and not the
purpose of, the carrying out of an otherwise lawful activity. Under the terms of section 7(b)(4) and
section 7(0)(2), taking that is incidenta to and not intended as part of the agency action is not
consdered to be prohibited taking under the ESA provided that such taking isin compliance with the
terms and conditions of thisincidenta take statement.

The measures described below are non-discretionary, and must be undertaken by the agencies so that
they become binding conditions of any grant or permit issued to the gpplicant, as appropriate, for the
exemption in section 7(0)(2) to apply. The agencies have a continuing duty to regulate the activity
covered by thisincidentd take statement. If the agencies (1) fail to assume and implement the terms
and conditions or (2) fail to require the applicant to adhere to the terms and conditions of the incidenta
take statement through enforceable terms that are added to the permit or grant document, the
protective coverage of section 7(0)(2) may lapse. In order to monitor the impact of incidentd take, the
agencies or gpplicant must report the progress of the action and itsimpact on the species to the Service
as specified in the incidenta take statement [50 CFR 8402.14(1)(3)].

Anincidenta take statement specifies the impact of any incidental taking of endangered or threatened
gpecies. It dso provides reasonable and prudent measures that are necessary to minimize impacts and
setsforth terms and conditions with which the action agency must comply in order to implement the
reasonable and prudent measures.

10.1 Amount or Extent of Take

The proposed actions are expected to result in the incidentd take of listed sdlmon and steelhead in the
Columbia River Basin. Because of the inherent biological characteristics of aguatic species such as
listed sdmon and steelhead, the dimensions and variability of the river systems, and the operationa
complexities of hatchery actions, determining precise (or even quantifiable) levels of mortdity for
juveniles and adults attributabl e to the proposed actions are difficult or not possible at the present time.

The collection of listed adult spring chinook salmon for hatchery broodstock in the Upper Willamette
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River ESU islikely to be low when returning adults are all marked. However, based on the best
available science incorporating natura-origin chinook into hatchery broodstocks could reduce the risks
asociated with artificid propagation programs (see section 5). Theincidenta catch of listed winter
sedhead in hatchery collection facilities covered in this Opinion is likely to be low or non-existent
(winter steelhead collections a Clackamas Hatchery are addressed in the biological opinion for the
Lower Columbia River steelhead ESU). Since no winter steelhead are taken for hatchery programs,
the fish will be released back into the wild unharmed.

Anincidentd take of listed juvenile winter steelhead and spring chinook from the Upper Willamette
River ESUs is aso expected to occur from the release of juvenile hatchery fish. Since the incidenta
take from these releases are limited primarily to mainstem migration corridors, the estuary, and ocean,
quantifying the leve of takeis difficult. In the absence of exact numbers of listed salmon and steelhead
expected to be taken from juvenile hatchery fish rdleases, NMFS has relied on a quditative andysis to
determine the consistency of the proposed actions with that of the Proposed Recovery Plan for Snake
River Basn sdmon (NMFS 1995X) and the risk assessment. However, this quditative assessment
does not provide quantitative estimates. In the absence of quantitative estimates of other incidenta
take, NMFS will monitor release numbers and locations, and broodstock collection to monitor
compliance with the following reasonable and prudent measures and terms and conditions.

10.2 Reasonable and Prudent Measures

The following reasonable and prudent measures are provided to minimize and reduce the anticipated
level of incidenta take associated with dl the agencies artificid propagation programs:

1. All action agencies shall provide projected hatchery fish rdeases for the coming year to NMFS,
Hatcheries and Inland Fisheries Branch, Portland, Oregon, by December 15, of the current
year.

2. All action agencies shal manage their programs to minimize the potentid interbreeding of
hatchery fish and lited sdmon and stelhead in the Columbia River Basin.

3. All action agencies shd| quantify the effects of hatchery broodstock collection on listed spring
chinook and winter steelhead in the Upper Willamette River ESUs.

4, All action agencies shal minimize potentia negative impacts to listed sdmon and stedhead in
the Upper Willamette River Basin from operation of their respective artificid propagation
fadlities

5. All action agencies shdl monitor and evauate their respective artificia propagation programsin
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the Upper Willamette River Basin.

10.3 Termsand Conditions

In order to be exempt from the prohibitions of section 9 of the ESA, the action agencies (Corps,
NMFS, BPA, ODFW, PGE, City of Portland) must comply with the following terms and conditions,
which implement the reasonable and prudent measures described above. These terms and conditions
are non-discretionary. All required information and reports shal be mailed to NMFS, Hatcheries and
Inland Fisheries Branch, 525 NE Oregon Street Suite 510, Portland, Oregon 97232.

la

2a.

2b.

2cC.

2d.

All action agencies shdl update and provide to NMFS, Hatcheries and Inland Fisheries
Branch, 525 NE Oregon Street, Suite 510, Portland Oregon 97232, by December 15 of each
year this Biological Opinion isin force, the projected hatchery releases for the coming yesr.
Thisinformation will be used to determine if total releases will remain within the production
ceiling established for the Columbia Basin. Annud release of anadromous fish not used for
recovery purposes in the Columbia River Badn is limited to gpproximately 197.4 million (of
which 20.2 million are in the Snake River Baan) until the HGMP s are completed and
judtification can be provided to modify production.

The action agencies shdl reduce the number of hatchery spring chinook spawning above North
Fork Dam on the Clackameas River and Lesburg Dam on the McKenzie River, as specified in
the Reasonable and Prudent Alternatives section above.

The action agencies shal externaly mark their respective production obligations of spring
chinook, stedhead, and resident trout covered in this consultation. Thiswill facilitate
identification of the percentage of listed and non-listed fish on the spawning grounds, in hatchery
broodstocks, and in the fisheries caich.

Surplus hatchery sdlmon and steelhead shal not be outplanted to spawn naturdly in areas
currently accessible to listed fish in the Clackamas Subbasin, North Santiam Subbasin, or
McKenzie Subbasin. Outplanting of jack and adult spring chinook can occur in the North
Santiam Subbasin above Detroit Dam (from fish collected a Minto), Middle Fork (from fish
collected at Dexter), Coast Fork (from fish collected a Dexter), South Santiam (from fish
collected at Fogter), Maldla (from fish collected at Foster), and Calapooia (from fish collected
at Foster) subbasins. All others must be approved before outplanting by NMFS, Hatcheries
and Inland Fisheries Branch, 525 NE Oregon Street Suite 510, Portland, Oregon 97232.

The action agencies shdl monitor the straying of hatchery fish on naturad spawning grounds.
The action agencies shdl conduct annualy spawning surveys for spring chinook to determine
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the abundance and distribution of hatchery and natural-origin fish in the Upper Willamette River
ESU. Intensive surveys shdl be conducted in at least the Clackamas, North Santiam, and
McKenzie rivers to determine the distribution, abundance and proportion of hatchery fish on the
spawning grounds. For the spawning surveys, the action agencies shdl provide funding in
proportion to their respective funding obligations for the artificia propagation programs.

The action agencies shdl record the number of marked and unmarked fish that volitiondly enter
the hatcheries and broodstock collection facilities beginning in 2000. In 2002, when the
mgority of hatchery spring chinook returns will be externdly marked, the action agencies shdll
determine the number and percentage of fish captured that are unmarked, naturally-produced
fish. If the percentage of unmarked fish is greater than 10% of totd fish captured over the
trapping season (excluding the traps at North Fork and Leaburg dams), the action agencies
must notify NMFS, Hatcheries and Inland Fisheries Branch, 525 NE Oregon Street Suite 510,
Portland, Oregon 97232 before spawning the fish. Natura-origin fish may be released back
into the wild unharmed.

Beginning in 2002, the action agencies shal determine the number and percentage of the
natura-origin (unmarked) spring chinook run that are taken annualy for broodstock purposes.
The percentage of naturd-origin fish taken should be calculated from the actud run a
Willamette Falls and the estimated or actud return to the subbasins (i.e. Clackamas, North
Santiam, McKenzie). If the percentage of the natura-origin spring chinook run taken for
broodstock is (or likely to be) greater than 10%, the appropriate agency(s) must notify NMFS,
Hatcheries and Inland Fisheries Branch, 525 NE Oregon Street Suite 510, Portland, Oregon
97232 as soon as possible. Naturd-origin fish may be released back into the wild unharmed.

Beginning with brood year 2002, dl hatchery fish releases into areas outside of the Upper
Willamette River ESUs (i.e. Lower Columbia River “sdlect areas’) shdl be of known hatchery
X hatchery crosses. No progeny of wild x wild or hatchery x wild adult crossed fish shal be
released outsde of the Willamette River Basin.

The action agencies shal not transfer any hatchery broodstock into hatchery programsin other
subbasins.

The action agencies shdl minimize the potentia of cgpturing natura-origin winter seclhead in
hatchery and/or trapping facilities. Thisterm and condition does not gpply to the intentiona
capturing of winter steelhead associated with any trap and haul efforts (e.g. a Foster Dam). In
the event alisted winter steelhead is captured, the fish should be handled to minimize stress and
injury and released promptly back into the wild unharmed.
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The action agencies shdl operate the hatchery and any other broodstock trapping facilitiesto
encompass the entire run timing and age and size digtribution of spring chinook in a particular
subbasin. The broodstock shall be selected at random from among the fish collected. The
number of spring chinook spawned should be in proportion to their spawn timing. This should
minimize the effects of sdecting a particular fish Sze or gpawn timing in the broodstock.

The action agencies shdl release hatchery fish that will actively emigrate downsream. Hatchery
fish releases shdl be volitiond to the extent possible.

The appropriate agencies shd| release the non-acclimated group of hatchery spring chinook
(488 K) a multiple locations in the North Santiam River to reduce the potential ecological
effects on listed juvenile fish. The release locations should be dispersed dong the North
Santiam River to the extent possible above the confluence of the Little North Santiam River.

The Corps shdl monitor the effects of the hatchery rainbow stocking in the McKenzie Subbasin
on listed spring chinook. A cred survey shal be conducted for at least one season to determine
the bycatch of listed juvenile and adult soring chinook in recreationd fisheries targeting trout.

The gppropriate agencies shdl fund and/or monitor the effects of the non-native summer
steelhead program in the North and South Santiam and McKenzie riversfor at least two years.
An estimate of the percentage of the summer steelhead run that is harvested and/or the number
of summer steelhead potentidly spawning naturdly in the streams shdl be determined.

The action agencies shal ensure that water intakesinto artificid propagetion facilitiesare
properly screened usng NMFS (1995) screening criteriato prevent listed salmon and
stedlhead from entering. All action agencies shdl ingpect the water intake screen structures at
the hatchery fadilities they fund to determineif listed sdmon and steelhead are being drawn into
the facility or being impinged. Improvements to the structures shal be made where necessary.

The action agencies shal continue to comply with reporting requirements and protocols and
guiddlines established by the Integrated Hatchery Operations Team (IHOT 1995; 1996) for
Columbia Basin hatcheries.

The action agencies shdl comply with existing Nationa Discharge and Elimination System
(NPDES) permits governing water qudity from hatchery effluents.

The action agencies shdl record the date, number, length, and sex of spring chinook spawned,
specified by hatchery and naturdly-produced fish.
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5d. If an ESA-ligted fish mortdity event occurs from the proposed actions (>10% mortdity in one
event), the appropriate agency(s) must inform the NMFS, Hatcheries and Inland Fisheries
Branch, 525 NE Oregon Street Suite 510, Portland, Oregon 97232, of such event within three
days. Detalls of the cause of mortality and actions or plans taken to remedy the Stuation must
aso be supplied.

5e. The appropriate action agencies shal conduct cred surveysto monitor and evauate the
bycatch of listed steelhead and spring chinook in the Foster Reservoir trout fishery. The
surveys shdl be conducted for at least two fishing seasons.

5f. The Corps and ODFW shdl evduate the risks and benefits to listed chinook salmon from the
outplanting hatchery spring chinook above Cougar Reservoir in the McKenzie Subbasin. The
returning progeny from these hatchery adult outplants will be undistinguishable from the
indigenous, non-hatchery lineage of soring chinook in the McKenzie River. The likelihood of
adverse effects to the indigenous chinook population from the adult hatchery fish outplants
needs to be assessed.

11 Reinitiation Of Consultation

This concludes formal consultation on the proposed actions. As provided in 50 CFR 8402.16,
reinitiation of forma consultation is required where discretionary federa agency involvement or control
over the action has been retained (or is authorized by law) and if: (1) the amount or extent of incidenta
take is exceeded; (2) new information reveds effects of the action that may affect listed species or
critical habitat in amanner or to an extent not previoudy consdered; (3) the identified action is
subsequently modified in a manner that causes an effect to listed species or critica habitat that was not
consdered in the biologica opinion; (4) anew speciesislisted or critical habitat designated that may be
affected by the identified action. In instances where the amount or extent of incidenta takeis

exceeded, the action agency must immediatdly reinitiate forma consultation.

Theissuance of section 10 permits (as discussed in section 1.2) to non-Federal agencies for hatchery

program operations once take prohibitions go into effect does not warrant reinitiation of consultation, as
long as the conditions listed in the above paragraph are not met.
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Table 1. Summary of salmon species listed and proposed for listing under the Endangered Species Act.

Species Evolutionarily Significant Unit Present Status Federal Register Notice
Chinook Salmon Sacramento River Winter Endangered 59 FR 440 1/4/94
(O. tshawytscha) Snake River Fall Threatened 57 FR 14653  4/22/92

Snake River Spring/Summer Threatened 57 FR 14653  4/22/92
Central Valley Spring Threatened 64 FR 50393 9/16/99
California Coastal Threatened 64 FR 50393 9/16/99
Puget Sound Threatened 64 FR 14308 3/24/99
Lower Columbia River Threatened 64 FR 14308 3/24/99
Upper Willamette River Threatened 64 FR 14308 3/24/99
Upper Columbia River Spring Endangered 64 FR 14308 3/24/99
Chum Salmon Hood Canal Summer-Run Threatened 64 FR 14508 3/25/99
(O. keta) Columbia River Threatened 64 FR 14508  3/25/99
Coho Salmon Central California Coastal Threatened 61 FR 56138 10/31/96
(O. kisutch) S. Oregon/ N. California Coastal Threatened 62 FR 24588  5/6/97
Oregon Coastal Threatened 63 FR 42587  8/10/98
Sockeye Salmon Snake River Endangered 56 FR 58619 11/20/91
(O. nerka) Ozette Lake Threatened 64 FR 14528 3/25/99
Steelhead Southern California Endangered 62 FR 43937 8/18/97
(O. mykiss) South-Central California Threatened 62 FR 43937 8/18/97
Central California Coast Threatened 62 FR 43937 8/18/97
Upper Columbia River Endangered 62 FR 43937 8/18/97
Snake River Basin Threatened 62 FR 43937 8/18/97
Lower Columbia River Threatened 63 FR 13347 3/19/98
California Central Valley Threatened 63 FR 13347 3/19/98
Upper Willamette River Threatened 64 FR 14517  3/25/99
Middle Columbia River Threatened 64 FR 14517  3/25/99
Cutthroat Trout Umpqua River Endangered 61 FR 41514 8/9/96
Sea-Run Southwest Washington/Columbia Proposed Threatened 64 FR 16397 4/5/99

(O. clarki clarki)

River
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Table 2. Summary of critical habitat designations under the Endangered Species Act.

Species Evolutionarily Significant Unit Federal Register Notice
Chinook Salmon Sacramento River Winter 58 FR 33212 6/16/93
(O. tshawytscha) Snake River Fall 58 FR 68543 12/28/93
Snake River Spring/Summer 58 FR 68543 12/28/93
Revised: 64 FR 57399 10/25/99
Central Valley Spring 65 FR 7764 3/9/98
California Coastal 65 FR 7764 3/9/98
Puget Sound 65 FR 7764 2/16/00
Lower Columbia River 65 FR 7764 2/16/00
Upper Willamette River 65 FR 7764 2/16/00
Upper Columbia River Spring 65 FR 7764 2/16/00
Chum Salmon Hood Canal Summer-Run 65 FR 7764 2/16/00
(O. keta) Columbia River 65 FR 7764 2/16/00
Coho Salmon Central California Coastal 64 FR 24049 5/5/99
(O. kisutch) S. Oregon/ N. California Coastal 64 FR 24049 5/5/99
Oregon Coastal 65 FR 7764 2/16/00
Sockeye Salmon Snake River 58 FR 68543 12/28/93
(O. nerka) Ozette Lake 65 FR 7764 2/16/00
Steelhead Southern California 65 FR 7764 2/16/00
(O. mykiss) South-Central California 65 FR 7764 2/16/00
Central California Coast 65 FR 7764 2/16/00
Upper Columbia River 65 FR 7764 2/16/00
Snake River Basin 65 FR 7764 2/16/00
Lower ColumbiaRiver 65 FR 7764 2/16/00
California Central Valley 65 FR 7764 2/16/00
Upper Willamette River 65 FR 7764 2/16/00
Middle Columbia River 65 FR 7764 2/16/00
Cutthroat Trout Umpgua River 63 FR 1388 1/9/98

Sea-Run
(O. clarki clarki)

Southwest Washington/Columbia River

none proposed
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. Status of the Speciesand Critical Habitat
Note: the essentid features of the critical habitat include, but are not limited to: (1) spawning and
rearing areas and migration corridors between these aress, (2) food resources, (3) water quaity and
quantity, (4) riparian vegetation. The NMFS has not designated marine aress, as critical habitat, even
though they may fdl within some specific action aress.
A. Species Descriptions and Critica Habitat Designations

1. Chinook Samon

Snake River Spring/Summer Chinook SAmon

The SR spring/summer chinook salmon ESU, listed as threatened on April 22, 1992 (67 FR 14653),
includes dl naturd-origin populations in the Tucannon, Grande Ronde, Imnaha, and Samon rivers.
Some or al of thefish returning to severd of the hatchery programs are dso listed including those
returning to the Tucannon River, Imnaha, and Grande Ronde hatcheries, and to the Sawtooth,
Pahameroi, and McCdl hatcheries on the Sdmon River. Critica habitat was designated for SR
spring/summer chinook salmon on December 28, 1993 (58 FR 68543) and was revised on October
25, 1999 (64 FR 57399).

Snake River Fall Chinook Salmon

The SR fdl chinook sdmon ESU, listed as threatened on April 22, 1992 (67 FR 14653), includes dl
natura-origin populations of fal chinook in the maingem Snake River and severd tributaries including
the Tucannon, Grande Ronde, Samon, and Clearwater rivers. Fal chinook from the Lyons Ferry
Hatchery areincluded in the ESU but are not listed.. Critica habitat was designated for SR fall chinook
salmon on December 28, 1993 (58 FR 68543).

Upper Columbia River Spring-Run Chinook Salmon

The UCR spring-run chinook salmon ESU, listed as endangered on March 24, 1999 (64 FR 14308),
includes al natural-origin stream-type chinook salmon from river reaches above Rock Idand Dam and
downstream of Chief Joseph Dam, including the Wenatchee, Entiat, and Methow River basns. All
chinook in the Okanogan River are gpparently ocean-type and are considered part of the Upper
Columbia River Summer-and Fal-run ESU. The spring-run components of the following hatchery
stocks are dso listed: Chiwawa, Methow, Twisp, Chewuch, and White rivers, and Nason Creek.
Critical habitat was designated for UCR spring chinook salmon on December 28, 1993 (58 FR
68543).

Upper Willamette River Chinook Salmon
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The UWR chinook salmon ESU, listed as threatened on March 24, 1999 (64 FR 14308), occupiesthe
Willamette River and tributaries upstream of Willamette Falls, in addition to naturaly produced spring-
run fish in the Clackamas River. Upper Willamette spring chinook samon are one of the most
geneticdly distinct chinook groupsin the Columbia River Basin. Fal chinook sdlmon spawn in the
Upper Willamette but are not considered part of the ESU because they are not native. None of the
hatchery populations in the Willamette River were listed dthough five spring-run hatchery stocks were
included in the ESU. Ciriticd habitat was designated for UWR chinook salmon on February 16, 2000
(58 FR 68543).

Lower Columbia River Chinook Salmon

The LCR chinook salmon ESU, listed as threatened on March 24, 1999 (64 FR 14308), includes al
natura-origin populations of both spring- and fall-run chinook samon in tributaries to the Columbia
River from atrangtion point located east of the Hood River, Oregon, and the White SAmon River,
Washington, to the mouth of the Columbia River a the Pacific Ocean and in the Willamette River
below Willamette Fals, Oregon (excluding spring chinook sdlmon in the Clackamas River). Not
included in this ESU are “ stream-type’ spring-run chinook salmon found in the Klickitat River (which
are consdered part of the Mid-Columbia River Spring-Run ESU) or the introduced Carson spring-
chinook sdmon drain. “Tule’ fal chinook samon in the Wind and Little White Sdmon rivers are
included in this ESU, but not introduced “ upriver bright” fall-chinook sdmon populations in the Wind,
White Samon, and Klickitat rivers. The Cowlitz, Kalama, Lewis, Washougd, and White Sdmon
rivers, condtitute the mgor systems on the Washington sde; the lower Willamette and Sandy Rivers are
foremogt on the Oregon side. The mgjority of this ESU is represented by fdl-run fish; there is some
question whether any natura-origin spring chinook sdmon persst in thisESU. Fourteen hatchery
stocks were included in the ESU; one was considered essentia for recovery (Cowlitz River spring
chinook) but was not listed. Criticd habitat was designated for LCR chinook salmon on February 16,
2000 (65 FR 7764).

2. Stedlhead

Uppear Columbia River Steelhead

The UCR stedthead ESU, listed as endangered on August 18, 1997 (62 FR 43937), includes dl
naturd-origin populations of stedhead in the Columbia River Basin upstream from the Y akima River,
Washington, to the U.S./Canada Border the Y akima River. The Wells Hatchery stock isincluded
among the listed populations. Critical habitat was designated for UCR steelhead on February 16, 2000
(65 FR 7764).

Snake River Stedhead

The SR stedthead ESU, listed as threatened on August 18, 1997 (62 FR 43937), includes al natural-
origin populations of steelhead in the Snake River Basin of Southeast Washington, northeast Oregon,
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and Idaho. None of the hatchery stocks in the Snake River Basin are listed, but severd are included in
the ESU. Critical habitat was designated for SR steelhead on February 16, 2000 (65 FR 7764).

Middle Columbia River Stedhead

The MCR stedlhead ESU, listed as threatened on March 25, 1999 (64 FR 14517), includes dl natural-
origin populations in the Columbia River Basin above the Wind River, Washington, and the Hood
River, Oregon, including the Y akima River, Washington. This ESU includes the only populations of
winter inland stedlhead in the United States (in the Klickitat River, Washington, and Fifteenmile Creek,
Oregon). Both the Deschutes River and Umatilla River hatchery stocks are included in the ESU, but
arenot listed. Critica habitat was designated for MCR steelhead on February 16, 2000 (65 FR
7764).

Upper Willamette River Stedlhead

The UWR steelhead ESU, listed as threatened on March 25, 1999 (64 FR 14517), is comprised of all
natura-origin populaions in the Willamette River and its tributaries upstream of Willamette Fallsto the
CdapooiaRiver, inclusve. None of the hatchery stocks were included as part of the listed ESU.
Critical habitat was designated for UWR steelhead on February 16, 2000 (65 FR 7764).

Lower Columbia River Stedhead

The LCR steelhead ESU, listed as threatened on March 19, 1998 (63 FR 13347), is comprised of all
naturd-origin populationsin tributaries to the Columbia River between the Cowlitz and Wind rivers,
Washington, and the Willamette and Hood rivers, Oregon, inclusve. The NMFS specificaly excluded
threeriver basins. (1) the Willamette River basin above Willamette Fdls, (2) the Little White SAmon
River, and the Big White Sdmon River, Washington (61 FR 41545). Among hatchery stocks, late-
gpawning Cowlitz River Trout Hatchery and late-spawning Clackamas River ODFW stock #122 are
part of the ESU but are not considered essentid for recovery. Critical habitat was designated for LCR
steelhead on February 16, 2000 (65 FR 7764).

3. Chum Sdmon

Columbia River Chum Sdmon

The CR chum salmon ESU, listed as threatened on March 25, 1999 (64 FR 14508), includes dll
natura-origin chum samon in the Columbia River and its tributaries in Washington and Oregon. None
of the hatchery populations are included as part of the listed ESU. Criticd habitat was designated for
CR chum salmon on February 16, 2000 (65 FR 7764).

4. Sockeye Samon
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Snake River Sockeye Samon

The SR sockeye salmon ESU, listed as endangered on November 20, 1991 (56 FR 58619), includes
populations of sockeye sdmon from the Snake River basin, Idaho (extant populations occur only in the
Stanley River subbasin). Under NMFS' interim policy on artificiad propagation (58 FR 17573), the
progeny of fish from alisted population that are propagated artificidly are consdered part of the listed
species and are protected under the ESA. Thus, adthough not specificaly designated in the 1991 listing,
SR sockeye salmon produced in the captive broodstock program areincluded in the listed ESU. Given
the dire gatus of the wild population under any criteria (atota of 23 wild fish returned to Redfish Lake
during the 10-year period 1990 through 1999), NMFS considers the captive broodstock and its
progeny essentid for recovery. Critical habitat was designated for SR sockeye salmon on December
28, 1993 (58 FR 68543).

B. Gengd Life Higories
1. Chinook Samon

Chinook salmon isthe largest of the Pacific sdmon. The pecies’ didtribution historicaly ranged from
the Ventura River in Cdiforniato Point Hope, Alaska, in North America, and in northeastern Asafrom
Hokkaido, Japan, to the Anadyr River in Russa (Hedey 1991). Additiondly, chinook salmon have
been reported in the Mackenzie River area of northern Canada (McPhail and Lindsey 1970). Of the
Pacific saimon, chinook sdmon exhibit arguably the most diverse and complex life history Srategies.
Hedley (1986) described 16 age categories for chinook salmon, 7 total ages with 3 possible freshwater
ages. Thislevd of complexity is roughly comparable to that seen in sockeye sdmon (O. nerka),
athough the latter species has a more extended freshwater residence period and uses different
freshwater habitats (Miller and Brannon 1982, Burgner 1991). Two generdized freshwater life-history
types wereinitidly described by Gilbert (1912): “stream-type’ chinook samon, which resdein
freshwater for ayear or more following emergence, and “ocean-type’ chinook salmon, which migrate
to the ocean within their first year. Hedley (1983, 1991) has promoted the use of broader definitions
for “ocean-type’ and “ stream-type’ to describe two distinct races of chinook sddlmon. Hedley's
gpproach incorporates life higtory traits, geographic distribution, and genetic differentiation and provides
avauable frame of reference for comparisons of chinook salmon populations.

The generdized life higtory of Pacific sdmon involves incubation, hatching, and emergencein
freshwater; migration to the ocean; and the subsequent initiation of maturation and return to freshwater
for completion of maturation and spawning. The juvenile rearing period in freshwater can be minima or
extended. Additiondly, some mae chinook salmon mature in freshwater, thereby foregoing emigration
to the ocean. The timing and duration of each of these stagesis related to genetic and environmenta
determinants and their interactions to varying degrees. Although sdmon exhibit a high degree of
variability in life-higtory traits, there is consderable debate as to what degree this variahility is shaped
by local adaptation or results from the generd plagticity of the sdmonid genome (Ricker 1972, Hedley
1991, Taylor 1991). More detailed descriptions of the key features of chinook salmon life history can
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be found in Myers et d. (1998) and Hedley (1991).
2. Stedhead

Steelhead can be divided into two basic run-types based on the state of sexua maturity at the time of
river entry and the duration of the spawning migration (Burgner et . 1992). The stream-maturing type,
or summer stedhead, enters fresh water in a sexualy immeature condition and requires severa monthsin
freshwater to mature and spawn. The ocean-maturing type, or winter steelhead, enters fresh water with
well-devel oped gonads and spawns shortly after river entry (Barnhart 1986). Variationsin migration
timing exist between populations. Some river basins have both summer and winter steelhead, whereas
others only have one run-type.

In the Pacific Northwest, summer steelhead enter fresh water between May and October (Busby et d.
1996; Nickdson et d. 1992). During summer and fal, prior to spawning, they hold in cool, deep pools
(Nickelson et d. 1992). They migrate inland toward spawning aress, overwinter in the larger rivers,
resume migration in early spring to natd streams, and then spawn (Meehan and Bjornn 1991;
Nickelson et d. 1992). Winter steelhead enter fresh water between November and April in the Pacific
Northwest (Bushy et a. 1996; Nickelson et d. 1992), migrate to spawning areas, and then spawn in
late winter or spring (et a. 19928). Some adults, however, do not enter coastal streams until spring,
just before spawning (Meehan and Bjornn 1991). Difficult field conditions (snowmdt and high stream
flows) and the remoteness of spawning grounds contribute to the relative lack of specific information on
steelhead spawning.

Unlike Pacific sdlmon, steelhead are iteroparous, or cgpable of spawning more than once before death.
However, it israre for steelhead to spawn more than twice before dying and most that do so are
females (Nickelson et d. 1992). Iteroparity is more common among southern steelhead populations
than northern populations (Busby et d. 1996). Multiple spawnings for steelhead range from 3% to
20% of runsin Oregon coasta streams.

Steelhead spawn in cool, clear streams featuring suitable gravel Sze, depth, and current velocity.
Intermittent streams may aso be used for spawning (Barnhart 1986; Everest 1973). Steelhead enter
streams and arrive at spawning grounds weeks or even months before they spawn and are vulnerable to
disturbance and predation. Cover, in the form of overhanging vegetation, undercut banks, submerged
vegetation, submerged objects such aslogs and rocks, floating debris, deep water, turbulence, and
turbidity (Giger 1973) are required to reduce disturbance and predation of spawning steelhead.
Summer steethead usudly spawn further upstream than winter stedlhead (Withler 1966; Behnke 1992).

Depending on water temperature, steelhead eggs may incubate for 1.5 to 4 months (August 9, 1996,
61 FR 41542) before hatching. Summer rearing takes place primarily in the faster parts of poals,
athough young-of-the-year are dbundant in glides and riffles. Winter rearing occurs more uniformly at
lower densities across a wide range of fast and dow habitat types. Productive stedhead habitat is
characterized by complexity, primarily in the form of large and smal wood. Some older juveniles move
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downstream to rear in larger tributaries and mainstem rivers (Nickelson et a. 1992).

Juveniles rear in fresh water from one to four years, then migrate to the ocean as smolts. Winter
steelhead populations generdly smolt after two yearsin fresh water (Busby et d. 1996). Steelhead
typicaly resdein marine waters for two or three years prior to returning to their natal stream to spawn
a four or five years of age. Populations in Oregon and Cdifornia have higher frequencies of age-1-
ocean stedhead than populations to the north, but age-2-ocean steelhead generdly remain dominant
(Busby et d. 1996). Age structure gppears to be similar to other west coast steelhead, dominated by
four-year-old spawners (Busby et a. 1996).

Based on purse saine catches, juvenile stedhead tend to migrate directly offshore during their first
summer rather than migrating aong the coastd belt as do saimon. During fal and winter, juveniles
move southward and eastward (Hartt and Dell 1986). Oregon steelhead tend to be north-migrating
(Nicholas and Hankin 1988; Pearcy et d. 1990; Pearcy 1992).

3. Chum Sdmon

Higtoricaly, chum samon were digtributed throughout the coastd regions of western Canada and the
United States, asfar south as Monterey Bay, Cdifornia. Presently, mgor spawning populations are
found only asfar south as Tillamook Bay on the northern Oregon coast.

Chum samon (Oncor hynchus keta) are semédparous, spawn primarily in freshwater and, gpparently,
exhibit obligatory anadromy (there are no recorded landlocked or naturalized freshwater populations)
(Randdll et d. 1987). Chum sdmon spend more of tharr life history in marine waters than other Pacific
sdmonids. Like pink sdmon, chum samon usudly spawn in the lower reaches of rivers, with redds
usudly dug in the maingtem or in Sde channdls of rivers from just above tidd influence to nearly 100 km
fromthe sea Juveniles outmigrate to seawater dmost immediatedly after emerging from the grave that
coverstheir redds (Salo 1991). This ocean-type migratory behavior contrasts with the stream-type
behavior of some other speciesin the genus Oncorhynchus (e.g., coastal cutthroat trout, steelhead,
coho samon, and most types of chinook and sockeye sdmon), which usudly migrateto seaat alarger
Sze, ater months or years of freshwater rearing. This means that surviva and growth in juvenile chum
samon depend less on freshwater conditions (unlike stream-type salmonids which depend heavily on
freshwater habitats) than on favorable estuarine conditions. Another behaviora difference between
chum salmon and species that rear extensively in freshwater isthat chum salmon form schoals,
presumably to reduce predation (Pitcher 1986), especidly if their movements are synchronized to
swamp predators (Miller and Brannon 1982).

4. Sockeye Samon

Snake River sockeye salmon adults enter the Columbia River primarily during June and July. Arrival at
Redfish Lake, which now supports the only remaining run of Snake River sockeye sdlmon, peaksin
August and spawning occurs primarily in October (Bjornn et d. 1968). Eggs hatch in the spring
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between 80 and 140 days after pawning. Fry remain in the grave for three to five weeks, emergein
April through May and move immediatdy into thelake. Once there, juveniles feed on plankton for one
to three years before they migrate to the ocean (Bdll 1986). Migrants leave Redfish Lake during late
April through May (Bjornn et d. 1968) and travel dmost 900 milesto the Pacific Ocean. Smolts
reeching the ocean remain inshore or within the influence of the Columbia River plume during the early
summer months. Later, they migrate through the northeast Pacific Ocean (Hart 1973, Hart and Dell
1986). Snake River sockeye saimon usudly spend two to three years in the Pacific Ocean and return
in their fourth or fifth year of life. For detalled information on the Snake River sockeye sdlmon, see
Wapleset al. (1991).

C. Population Dynamics and Didribution
The following sections provide specific information on the distribution and population Structure (Sze,
variability, and trends of the stocks or populations) of each listed ESU. Mogt of this information comes
from observations made in termind, freshwater areas, which may be digtinct from the action area. This
focus is appropriate because the species status and distribution can only be measured at this level of
detail as adults return to spawn.

1. Chinook Salmon

Shake River Spring/Summer Chinook Samon

The present range of spawning and rearing habitat for naturaly-spawned Snake River spring/summer
chinook salmon is primarily limited to the Salmon, Grande Ronde, Imnaha, and Tucannon subbasins.
Most Snake River pring/summer chinook salmon enter individua subbasins from May through
September. Juvenile Snake River spring/summer chinook salmon emerge from spawning gravels from
February through June (Perry and Bjornn 1991). Typicaly, after rearing in their nursery streams for
about one year, smolts begin migrating seaward in April and May (Bugert et d. 1990; Cannamela
1992). After reaching the mouth of the Columbia River, spring/summer chinook salmon probably
inhabit nearshore areas before beginning their northeast Pacific Ocean migration, which lasts two to
three years. Because of their timing and ocean distribution, these stocks are subject to very little ocean
harvest. For detailed information on the life history and stock status of Snake River spring/summer
chinook salmon, see Matthews and Waples (1991), NMFS (1991a), and 56 FR 29542 (June 27,
1991).

Bevan et d. (1994) estimated the number of wild adult Snake River spring/summer chinook saimonin
the late 1800s to be more than 1.5 million fish annudly. By the 1950s, the population had declined to
an estimated 125,000 adults. Escapement estimates indicate that the population continued to decline
through the 1970s. Returns were variable through the 1980s, but declined further the in recent years.
Record low returns were observed in 1994 and 1995. Dam counts were modestly higher from 1996
through 1998, but declined in 1999. For management purposes the spring and summer chinook in the
Columbia Basin, including those returning to the Snake River, have been managed as separate stocks.
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Historic databases therefore provide separate estimates for the spring and summer chinook
components. Table 3 reports the estimated annud return of adult, naturd-origin SR spring and
summer chinook salmon returning to Lower Granite Dam since 1979. A preiminary estimated of the
Recovery Escapement god for SR spring/summer chinook of 31,440 (counted at 1ce Harbor Dam)
was suggested in NMFS' Proposed Recovery Plan (NMFS 1995).
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Table 3. Estimates of natural-origin Snake River spring/summer chinook salmon counted at Lower
Granite Dam in recent years (Speaks 2000).

Y ear Spring Chinook Summer Chinook Total
1979 2,573 2,712 5,285
1980 3,478 2,688 6,166
1981 7,941 3,326 11,267
1982 7,117 3,529 10,646
1983 6,181 3,233 9,414
1984 3,199 4,200 7,399
1985 5,245 3,196 8,441
1986 6,895 3,934 10,829
1987 7,883 2,414 10,297
1988 8,581 2,263 10,844
1989 3,029 2,350 5,379
1990 3,216 3,378 6,594
1991 2,206 2,814 5,020
1992 11,285 1,148 12,433
1993 6,008 3,959 9,967
1994 1,416 305 1,721
1995 745 371 1,116
1996 1,358 2,129 3,487
1997 1,434 6,458 7,892
1998 5,055 3,371 8,426
1999 1,433 1,843 3,276
Recovery Esc Level 31,440
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The Snake River spring/summer chinook salmon ESU congsts of 39 loca spawning populations
(subpopulations) spread over alarge geographic area (Lichatowich et d. 1993). The number of fish
returning to Lower Granite Dam is therefore divided among these subpopulaions. The relationships
between these subpopulations, and particularly the degree to which individuds may intermix is
unknown. It isunlikely that dl 39 are independent populations per the definition in McElhany et dl.
(2000), which requires that each be isolated such that the exchange of individuas between populations
does not subgtantialy affect population dynamics or extinction risk over a 100-year time frame.
Nonethdless, monitoring the status of subpopul ations provides more detailed information on the status
of the species than would an aggregate measure of abundance.

Seven of these subpopulations have been used as index stocks for the purpose of analyzing extinction
risk and dternative actions that may be taken to meet surviva and recovery requirements. The Snake
River SAmon Recovery Team selected these subpopulations primarily because of the availability of
relaively long time series of abundance data. The BRWG developed recovery and threshold
abundance levels for the index stocks, which serve as reference points for comparisons with observed
escapements (Table 4). The threshold abundances represent levels a which uncertainties (and thusthe
likelihood of error) about processes or population enumeration are likely to be biologicaly sgnificant,
and a which quditative changes in processes are likely to occur. They were specificaly not devel oped
asindicators of pseudo-extinction or as absolute indicators of “criticd” thresholds. In any case,
escgpement estimates for the index stocks have generdly been well below threshold levels in recent
years (Table 4).
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Table 4. Number of adult spawners, recovery levels, and BRWG threshold abundance levels (see text)
for Snake River spring/summer chinook salmon index stocks. Spring chinook index stocks. Bear Valley,
Marsh, Sulphur and Minam. Summer-run index stocks: Poverty Flats and Johnson. Run-timing for the
Imnahaisintermediate. Estimates for 2000 (shown in italics) are based on the preseason forecast.

Brood year Bear Valley Marsh Sulphur Minam Imnaha Poverty Flats Johnson
1979 215 83 90 40 238 76 66
1980 42 16 12 43 183 163 55
1981 151 115 43 50 453 187 102
1982 83 71 17 104 590 192 93
1983 171 60 49 103 435 337 152
1984 137 100 0 101 557 220 36
1985 295 196 62 625 699 341 178
1986 224 171 385 357 479 233 129
1987 456 268 67 569 448 554 175
1988 1109 395 607 493 606 844 332
1989 91 80 43 197 203 261 103
1990 185 101 170 331 173 572 141
1991 181 72 213 189 251 538 151
1992 173 114 21 102 363 578 180
1993 709 216 263 267 1178 866 357
1994 33 9 0 22 115 209 50
1995 16 0 4 45 97 81 20
1996 56 18 23 233 219 135 49
1997 225 110 43 140 474 363 236
1998 372 164 140 122 159 396 119
1999 72 0 0 96 282 153 49
2000 58 19 24 240 na 280 102

Recovery
Level 900 450 300 450 850 850 300
BRWG 150
Threshold 300 150 150 150 300 300
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Asof June 1, 2000, the preliminary find aggregate count for upriver spring chinook salmon a
Bonneville Dam was 178,000, substantialy higher than the 2000 forecast of 134,000. Thisisthe
second highest return in 30 years (after the 1972 return of 179,300 adults). Only asmall portion of
these are expected to be naturd-origin spring chinook destined for the Snake River (5,800). However,
the aggregate estimate for natura-origin SR pring chinook saimon is, nonetheess, substantiadly higher
that the contributing brood year escapements. The comparable returns to the Columbia River mouth in
1995 and 1996 were 1,829 and 3,903, respectively. The expected returns to the index areas were
estimated by multiplying the anticipated return to the river mouth by factors that accounted for
anticipated harvest (gpproximately 9%), interdam loss (50%), prespawning mortality (10%), and the
average proportion of tota natura-origin spring chinook salmon expected to return to the index areas
(14.3%). Thisrough caculation suggests that the returns to each index areawould just replace the
primary contributing brood year escapement (1996) (Table 4). These results also suggest that other
areas may benefit more than the index areasin terms of brood year return rates. Recall that the index
aress, on average, account for about 14% of the return of natura-origin spring chinook stocksto the
Snake River. The subgtantid return of hatchery fish will dso provide opportunities to pursue
supplementation options designed to help rebuild natura-origin populations subject to congraints
related to population diversity and integrity. For example, expected returns of the Tucannon River (500
listed hatchery and wild fish), Imnaha River ( 800 wild and 1,600 listed hatchery fish), and Sawtooth
Hatchery (368 listed hatchery fish) al represent substantial increases over past years and provide
opportunities for supplementation in the loca basins designed to help rebuild the natural-origin stocks.

The 2000 forecast for the upriver summer chinook stocksis 33,300 which is again the second highest
return in over 30 years, but with only asmall portion (2,000) being naturd-origin fish destined for the
Snake River. Thereturn of natura-origin fish compares to brood year escapementsin 1995 and 1996
of 534 and 3,046 and is generally lower than the average returns over the last five years (3,466). The
expect returns to the Poverty Flats and Johnson Creek index areas using methods smilar to those
described above indicates that returns will gpproximately double the returns observed during 1996, the
primary contributing brood year (T able 4) and would be at least close to threshold escapement levels.
Again, the subgtantia returns of hatchery fish can be used in sdlected areas to help rebuild at least some
of the natura-origin stocks. Unfortunately, with the exception of the Imnaha, local brood stocks are not
currently available for the soring and summer chinook index aress.

The probability of meeting survival and recovery objectives for SR spring/summer chinook under
various future operation scenarios for the hydrosystem was andyzed through a process referred to as
PATH (Plan for Analyzing and Testing Hypotheses). The scenarios analyzed focused on status quo
management, and options that emphasized either juvenile trangportation or hydro-project drawdown.
PATH dso included sengtivity analyses to dterndive harvest rates and habitat effects. PATH
estimated the probability of surviva and recovery for the seven index stocks using the recovery and

! Source: June 1, 2000, E-mail from R. Bayley (NMFS) to Stephen H. Smith (NMFS). “Spring chinook update
(end-of-season at Bonneville Dam).”
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escapement threshold levels as abundance indicators. The forward smulations estimated the
probability of meeting the survival thresholds after 24 and 100 years.

A 70% probability of exceeding the threshold escapement levels was used to assess survival.
Recovery potentia was assessed by comparing the projected abundance to the recovery abundance
levels after 48 years. A 50% probability of exceeding the recovery abundance levels was used to
evauate recovery by comparing the eight-year mean projected abundance. In generd the surviva and
recovery standards were met for operationa scenarios involving drawdown, but were not met under
gtatus quo management or for the scenarios that relied on juvenile transportation (Marmorek et d.
1998). If the most conservative harvest rate schedule was assumed, trangportation scenarios came
very close to meeting the surviva and recovery standards.

The NMFS set an interim recovery leve for SR spring/summer chinook salmon (31,400 adults at Ice
Harbor Dam) in its proposed recovery plan (Table 1.3-1 in NMFS 1995). For the ESU asawhole,
CRI estimated an average population growth rate (lambda) of 0.967 based on projected escapement
trends and an assumption that future environmenta conditions will be smilar to those observed during
the base period (i.e., 1980 through 1994; McClure et a. 2000). The CRI aso estimated |lambda and
the risk of extinction (<1 fish per generation) for each of the seven spring/summer chinook salmon index
populations in the Snake basin. Estimates for the subbasin populations incorporated the proportion of
spawners that were hatchery fish but assumed that hatchery fish do not reproduce? In the case of SR
spring/summer chinook salmon, average subbasin population growth rates ranged from 0.891 for the
Imnaha River to 0.996 for Poverty Hats (Table5).> Therisk of asolute extinction within 100 years
ranged from 1% for Johnson Creek to 99% for the Imnaha River.

2|f this assumption isincorrect, the growth rate of the wild segment will be over-estimated.
% The average rate of population growth and risk of extinction could not be estimated for Bear Creek

spring/summer chinook salmon because there was not enough information on the proportion of wild spawners that
were hatchery fish.
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Table 5. Results of the Dennis Extinction Analysis for individual stocks (McClure et al. 2000). The threshold for the risk of absolute extinction is
one fish returning in one generation; the risk of a 90% decline in abundance is aso shown. This analysis incorporated the proportion of natural
spawners that were of hatchery-origin but assumed that hatchery fish did not reproduce. “N/A” indicates that no hatchery data were available?,
that the data are index counts and therefore are not appropriate for estimating population size?, or that data are too sparse to perform any of these

analyses®,
Estimated Risk of Absolute Extinction Risk of a90% Declinein Abundance
Species ESU Stream Pop. Size Lambda 24-Y ear 48-Y ear 100-Y ear 24-Y ear 48-Y ear 100-Y ear
Chinook Salmon
Snake River Spring/Summer ESU
Bear Creek! N/A N/A N/A N/A N/A N/A N/A N/A
Imnaha River 1,175 0.891 0.00 0.17 0.99 0.69 0.99 1.00
Johnson Creek 457 0.995 0.00 0.00 0.01 0.02 0.09 0.20
Marsh Creek 291 0.942 0.01 0.18 0.64 0.31 0.59 0.85
Minam River 582 0.901 0.03 0.39 0.90 054 0.84 0.98
Poverty Flats Creek 1,055 0.996 0.00 0.00 0.02 0.06 0.14 0.25
Sulphur Creek 207 0.972 0.13 0.32 0.56 0.30 0.42 0.53
Snake River Fall ESU 2,199 0.940 0.00 0.00 0.32 0.25 0.65 0.94
Upper Columbia River Spring-run ESU
Methow River 433 0.932 0.07 0.33 0.71 0.40 0.62 0.82
Entiat River 173 0.890 0.00 0.68 1.00 0.71 1.00 1.00
Wenatchee River 805 0.801 0.03 1.00 1.00 1.00 1.00 1.00
Upper Willamette River ESU 6,859 0.988 0.00 0.01 0.07 0.17 0.29 0.40

McKenzie River (above Leaburg)
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Estimated Risk of Absolute Extinction Risk of a90% Declinein Abundance
Species ESU Stream Pop. Size Lambda 24-Y ear 48-Y ear 100-Y ear 24-Y ear 48-Y ear 100-Y ear
Chinook Salmon (continued)
Lower Columbia River ESU
Bear Creek 507 0.656 0.97 1.00 1.00 1.00 1.00 1.00
Big Creek 5,964 0.947 0.00 0.00 0.06 0.15 0.59 0.94
Clatskanie River 57 0.878 0.54 0.82 0.97 0.60 0.80 0.95
Cowlitz River - ‘Tule’? N/A 0.952 N/A N/A N/A 0.24 0.51 0.79
Elochoman Creek? N/A 0.952 N/A N/A N/A 0.37 0.51 0.66
Germany Creek? N/A 1.011 N/A N/A N/A 0.08 0.14 0.18
Gnat Creek 211 0.950 0.18 0.42 0.69 0.37 0.51 0.66
Grays River - ‘Tule’? N/A 0.773 N/A N/A N/A 0.89 0.99 1.00
Kalama River - Spring-run? N/A 0.945 N/A N/A N/A 0.31 0.56 0.82
Kalama River? N/A 1.018 N/A N/A N/A 0.22 0.26 0.29
Klaskanine River 54 0.710 0.97 1.00 1.00 0.99 1.00 1.00
Lewis River - ‘Bright'2 N/A 0.990 N/A N/A N/A 0.02 0.10 0.27
Lewis River - Spring-run? N/A 0.948 N/A N/A N/A 0.37 0.52 0.68
Lewis, East Fork - ‘ Tule’? N/A 0.967 N/A N/A N/A 0.02 0.25 0.77
Mill Creek - Fall-run 615 0.765 0.57 0.99 1.00 0.98 1.00 1.00
Plympton Creek 5,983 1.002 0.00 0.00 0.02 0.10 0.18 0.26
Sandy River - Late-run 4,263 0.939 0.00 0.00 0.06 0.09 0.81 1.00
Sandy River - ‘Tule® N/A N/A N/A N/A N/A N/A N/A N/A
Skamokawa Creek? N/A 0.772 N/A N/A N/A 1.00 1.00 1.00
Y oungs River 38 0.765 0.86 0.97 1.00 0.80 0.93 0.99
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Estimated Risk of Absolute Extinction Risk of a90% Declinein Abundance
Species ESU Stream Pop. Size L ambda 24-Y ear 48-Y ear 100-Year 24-Y ear 48-Y ear 100-Y ear
Seelhead
Snake River ESU
A-run 299,161 0.913 0.00 0.00 0.00 0.42 1.00 1.00
B-run 100,455 0.917 0.00 0.00 0.04 0.38 0.96 1.00
Upper Columbia River ESU 7,708 0.898 0.00 0.00 0.84 0.61 0.98 1.00
Mid-Columbia River ESU
Beaver Creek - Summer-run® N/A N/A N/A N/A N/A N/A N/A N/A
Deschutes River - Summer-run 70,501 0.848 0.00 0.00 0.00 1.00 1.00 1.00
Mill Creek - Summer-run® N/A N/A N/A N/A N/A N/A N/A N/A
Shitike Creek - Summer-run® N/A N/A N/A N/A N/A N/A N/A N/A
Warm Springs - NF Summer-run 1,031 0.903 0.00 0.11 0.94 0.55 0.95 1.00
Eightmile Creek - Winter-run? N/A N/A N/A N/A N/A N/A N/A N/A
Ramsey Creek - Winter-run® N/A N/A N/A N/A N/A N/A N/A N/A
Fifteenmile Creek - Winter-run® N/A N/A N/A N/A N/A N/A N/A N/A
Touchet River - Summer-run® N/A N/A N/A N/A N/A N/A N/A N/A
Umatilla River - Summer-run 9,809 0.894 0.00 0.00 0.00 0.93 1.00 1.00
Y akima River - Summer-run 5,561 0.993 0.00 0.00 0.00 0.00 0.01 0.11
Upper Willamette River ESU
MolallaRiver 2,644 0.912 0.00 0.05 0.74 0.47 0.87 0.99
North Santiam River 5,653 0.874 0.00 0.11 0.98 0.79 0.99 1.00
South Santiam River 3,730 0.979 0.00 0.00 0.00 0.02 0.14 0.46
Calapooia River 416 0.819 0.35 0.92 1.00 0.88 0.99 1.00
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Estimated Risk of Absolute Extinction Risk of a90% Declinein Abundance
Species ESU Stream Pop. Size L ambda 24-Y ear 48-Y ear 100-Year 24-Y ear 48-Y ear 100-Y ear
Seelhead (continued)
Lower Columbia River ESU
Clackamas River - Summer-run 9,065 0.897 0.00 0.00 0.96 0.73 1.00 1.00
Clackamas River - Winter-run 3,123 0.985 0.00 0.00 0.00 0.00 0.00 0.12
Coweeman River - Winter-run® N/A N/A N/A N/A N/A N/A N/A N/A
Eagle Creek - Winter-runt N/A N/A N/A N/A N/A N/A N/A N/A
Green River - Winter-run 660 0.882 0.09 0.53 0.94 0.62 0.88 0.99
Hood River - Summer-run® N/A N/A N/A N/A N/A N/A N/A N/A
Hood River - Winter-run® N/A N/A N/A N/A N/A N/A N/A N/A
KalamaRiver - Summer-run 18,843 1.114 0.00 0.00 0.00 0.00 0.00 0.00
Kalama River - Winter-run 6,294 1.028 0.00 0.00 0.00 0.00 0.00 0.00
Lewis River - Winter-run® N/A N/A N/A N/A N/A N/A N/A N/A
Panther Creek —Summer-run* N/A N/A N/A N/A N/A N/A N/A N/A
Sandy River - Winter-run 6,012 0.945 0.00 0.00 0.04 0.12 0.64 0.98
Toutle River - Winter-run 3,008 0.896 0.00 0.00 0.00 1.00 1.00 1.00
Trout Creek - Summer-run® N/A N/A N/A N/A N/A N/A N/A N/A
Washougal River - Summer-run® N/A N/A N/A N/A N/A N/A N/A N/A
Washougal River - Winter-run® N/A N/A N/A N/A N/A N/A N/A N/A
Wind River - Summer-run® N/A N/A N/A N/A N/A N/A N/A N/A
Snake River Sockeye Salmon?® N/A N/A N/A N/A N/A N/A N/A N/A
Columbia River Chum Salmon
Grays River - WF? N/A 1.135 N/A N/A N/A 0.01 0.00 0.00
Grays River - (mouth to head)? N/A 0.971 N/A N/A N/A 0.18 0.36 0.58
Crazy Johnson Creek? N/A 1177 N/A N/A N/A 0.00 0.00 0.00
Gorely Springs® N/A N/A N/A N/A N/A N/A N/A N/A
Hardy Creek? N/A 1.053 N/A N/A N/A 0.00 0.00 0.00
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Estimated Risk of Absolute Extinction Risk of a90% Declinein Abundance

Species ESU Stream Pop. Size L ambda 24-Y ear 48-Y ear 100-Year 24-Y ear 48-Y ear 100-Y ear
Hamilton Creek® N/A 0.855 N/A N/A N/A 0.90 1.00 1.00
Ives Island® N/A N/A N/A N/A N/A N/A N/A N/A
Hamilton Springs? N/A 1.055 N/A N/A N/A 0.17 0.18 0.17
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Snake River Fall Chinook Salmon

The spawning grounds between Huntington (RM 328) and Auger Fdls (RM 607) were higtoricdly the
most important for this species. Only limited spawning activity was reported downstream from RM 273
(Wapleset d. 19914), about one mile upstream of Oxbow Dam. Since then, irrigation and hydropower
projects on the mainstem Snake River have blocked access to or inundated much of this
habitat—causing the fish to seek out less-preferable spawning grounds wherever they are available.
Naturd fdl chinook salmon spawning now occurs primarily in the Snake River below Hells Canyon
Dam and the lower reaches of the Clearwater, Grand Ronde, Salmon, and Tucannon Rivers.

Adult Snake River fdl chinook sdmon enter the Columbia River in July and migrate into the Snake
River from August through October. Fal chinook samon generdly spawn from October through
November and fry emerge from March through April. Downstream migration generaly begins within
severa weeks of emergence (Becker 1970, Allen and Meekin 1973), and juveniles rear in backwaters
and shdlow water areas through mid-summer prior to smolting and migrating to the ocean—thus they
exhibit an “ocean” type juvenile history. Once in the ocean, they spend one to four years (though
usudly, three) before beginning their pawning migration. Fal returnsin the Snake River system are
typicaly dominated by four-year-old fish. For detailed information on Snake River fal chinook salmon,
see NMFS (1991b) and June 27, 1991, 56 FR 29542.

No reliable estimates of historica abundance are available, but because of their dependence on
mainstem habitat for spawning, fal chinook have probably been affected to a greeter extent by the
development of irrigation and hydroel ectric projects than any other species of sdlmon. It has been
edimated that the mean number of adult Snake River fal chinook sdmon declined from 72,000 in the
1930s and 1940s to 29,000 during the 1950s. In spite of this, the Snake River remained the most
important natural production areafor fal chinook in the entire Columbia River basin through the 1950s.
The number of adults counted at the uppermost Snake River mainstem dams averaged 12,720 totd
spawners from 1964 to 1968, 3,416 spawners from 1969 to 1974, and 610 spawners from 1975 to
1980 (Waples et d. 1991a).

Counts of adult fish of natura-origin continued to decline through the 1980s reaching alow of 78
individuasin 1990 (Table 6). Since then, the return of naturd-origin fish to Lower Granite Dam has
been variable, but generdly increasing reaching arecent year high of 797 in 1997. The 1998 return
declined to 306. Thiswas not anticipated and is of particular concern because it is close to the low
threshold escapement level of 300 that isindicative of increased risk (BRWG 1994). It has been
suggested that the low return in 1998 was due to severe flooding in 1995 that affected the primary
contributing brood year. The expected return of natura-origin adults to Lower Granite Dam in 1999
given the anticipated ocean and inriver fisheriesis 518.
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The recovery standard identified in the 1995 Proposed Recovery Plan (NMFES 1995) for Snake River
fal chinook was a population of at least 2,500 naturally produced spawners (to be calculated as an
eight year geometric mean) in the lower Snake River and itstributaries. The adult counts at Lower
Granite Dam cannot be compared directly to the natural spawner escapement becauseit isaso
necessary to account for adults which may fal back below the dam after counting and prespawning
mortality. A preliminary estimate suggested that a Lower Granite Dam count of 4,300 would be
necessary to meet the 2,500-fish escapement goal (NMFS 1995). For comparison, the geometric
mean of the Lower Granite Dam counts of natura-origin fall chinook over the last eight yearsis 481.

A further consderation regarding the status of SR fal chinook is the existence of the Lyons Ferry
Hatchery stock which is consdered part of the ESU. There have been severd hundred adults returning
to the Lyons Ferry Hatchery in recent years (T able 6). More recently, supplementation efforts
designed to accelerate rebuilding were initiated beginning with smolt outplants from the 1995 brood
year. The existence of the Lyons Ferry program has been an important consderation in evauating the
datus of the ESU since it reduces the short-term risk of extinction by providing areserve of fish from
the ESU. Without the hatchery program the risk of extinction would have to be considered high since
the ESU would otherwise be comprised of afew hundred individuas from asingle population, in
margind habitat, with a demonstrated record of low productivity. Although the supplementation
program likely contributes future naturd origin spawners, it does little to change the productivity of the
system upon which a naturaly spawning population must rely. Supplementation is, therefore, not a
long-term substitute for recovery. (See NMFS [19994] for further discussion of the SR fall chinook
supplementation program.)

Recent andlyses conducted through the PATH process considered the prospects for surviva and
recovery given severd future management options for the hydro system and other mortdity sectors
(Marmorek et a. 1998, Peters et d. 1999). That analysis indicated that the prospects of surviva for
Snake River fadl chinook were good, but that full recovery was rdatively unlikely except under avery
limited range of assumptions, or unless draw down was implemented for &t least the four lower Snake
River dams operated by the U.S. Army Corps of Engineers. Congderation of the draw down options
led to ahigh likelihood that both survival and recovery objectives could be achieved.

Unlike many other ESUs, SR fdl chinook salmon is probably represented by only a single population
that spawns in the remaining accessible habitat in the mainstem and the lower reaches of accessble
tributaries* For the aggregate population (i.e., the ESU asawhole), CRI estimated an average
population growth rate (lambda) of 0.933 (McClure et d. 2000). The vaue of lambda was smilar
(0.940) when the proportion of spawnersthat are hatchery fish was taken into account (Table 5). The

4 The more complex population structure that is likely to have existed historically was eliminated by
upstream dams that were build without fish passage facilities.
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risk of absolute extinction within 100 years was 32%.
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Table 6. Escapement and stock composition of fall chinook at Lower Granite (LGR) Dam*

Marked Fish Stock Comp. of Escapement to LGR
to Lyons -
LGR Dam Ferry Hatch. LGR Dam Hatchery Origin
Year Count Escapement Wild SnakeR. Non-Snake R.
1975 1,000 1,000 1,000
1976 470 470 470
1977 600 600 600
1978 640 640 640
1979 500 500 500
1980 450 450 450
1981 340 340 340
1982 720 720 720
1983 540 540 428 112
1984 640 640 324 310 6
1985 691 691 438 241 12
1986 784 784 449 325 10
1987 951 951 253 644 54
1988 627 627 368 201 58
1989 706 706 295 206 205
1990 385 50 335 78 174 83
1991 630 40 590 318 202 70
1992 855 187 668 549 100 19
1993 1,170 218 952 742 43 167
1994 791 185 606 406 20 180
1995 1,067 430 637 350 1 286
1996 1,308 389 919 639 74 206
1997 1,451 444 1,007 797 20 190
1998 1,909 947 962 306 479 177
19992 3,381 1,519 1,862 905 882 75

! Information taken from Revised Tables for the Biological Assessment of Impacts of Anticipated 1996-1998 Fall
Season Columbia River Mainstem and Tributary Fisheries on Shake River Salmon Species Listed Under the
Endangered Species Act, prepared by the U.S. v. Oregon Technical Advisory Committee.
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2Source: Memorandum from Glen Mendel (WDFW) to Cindy LeFluer (WDFW) dated March 3, 2000. “Fall chinook
run reconstruction at LGR for 1999.”
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Upper Columbia River Spring Chinook Samon

The UCR spring chinook ESU inhabits tributaries upstream from the Y akima River to Chief Joseph
Dam. Upper Columbia River soring chinook have a stream-type life history. Adults return to the
Wenatchee River during late March through early May, and to the Entiat and Methow rivers during late
March through June. Mogt adults return after spending two yearsin the ocean, athough 20% to 40%
return after three yearsat sea. Like SR spring/summer chinook, UCR spring chinook experience very
little ocean harvest. Pesk spawning for al three populations occurs from August to September. Smolts
typicaly spend one year in freshwater before migrating downstream. There are dight genetic
differences between this ESU and others containing stream-type fish, but more importantly, the ESU
boundary was defined using ecological differences in spawning and rearing habitat (Myers et d. 1998).
The Grand Coulee Fish Maintenance Project (1939 through 1943) may have had a mgjor influence on
this ESU because fish from multiple populations were mixed into one relatively homogenous group and
redistributed into streams throughout the Upper Columbia Region.

Three independent populations of spring chinook salmon are identified for the ESU including those that
gpawn in the Wenatchee, Entiat, and Methow basins (Ford et d. 1999). The number of natural-origin
fish returning to each subbasnisshownin Table 7. The NMFS recently proposed Interim Recovery
Abundance Levels and Cautionary Levels (i.e, interim levels ftill under review and are subject to
change). Ford et a. (1999) characterize Cautionary Levels as abundance levels that the population fell
below only about 10% of the time during a historica period when it was congdered to be relatively
hedlthy. Escapements for UCR spring chinook salmon have been subgtantialy below the Cautionary
Levesin recent years, epecidly 1995, indicating increasing risk to and uncertainty about the
population’ s future status. On the other hand, preliminary returns for 1999, the primary return year for
the 1995 brood, indicate that dthough they were low, returns were till substantialy higher than the
estimated cohort replacement level. Very strong 1999 jack returns suggest that surviva rates for the
1996 brood will be high, aswell. A total of 4,500 natura-origin UCR spring chinook are expected to
return to the mouth of the Columbia River during 2000 with a corresponding expected return to each
subbasin (accounting for expected harves, inter-dam loss, and prespawning mortaity) at gpproximetely
its repective Cautionary Level (Table 7).
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Table 7. Estimates of the number of natura-origin fish returning to subbasin for each independent
population of UCR spring chinook salmon and preliminary Interim Recovery Abundance and Cautionary
levels.

Year Wenatchee River Entiat River Methow River
1979 1,154 241 554
1980 1,752 337 443
1981 1,740 302 408
1982 1,984 343 453
1983 3,610 296 747
1984 2,550 205 890
1985 4,939 297 1,035
1986 2,908 256 778
1987 2,003 120 1,497
1988 1,832 156 1,455
1989 1,503 54 1,217
1990 1,043 223 1,194
1991 604 62 586
1992 1,206 88 1,719
1993 1,127 265 1,496
1994 308 74 331
1995 50 6 33
1996 201 28 126
1997 422 69 247
1998 218 52 125
1999* 119 64 73
2000 1,295 180 811
Recovery 3,750 500 2,000
Abundance ' '
Cautionary 1,200 150 750
Abundance '
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! Edtimates for 1999 are preliminary; estimates for 2000 (italics) are based on the preseason forecast.
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Six hatchery populations are included in the listed ESU; dl Sx are conddered essentid for recovery.
Recent artificid production programs for fishery enhancement and hydropower mitigation have been a
concern because a non-native (Carson Hatchery) stock was used. However, programs have been
initiated to develop locally-adapted brood stocks to supplement natura populations and facilities where
sraying and interactions with natura stock are known problems are phasing out use of Carson stock.
Captive broodstock conservation programs are under way in Nason Creek and White River (the
Wenatchee basin) and in the Twigp River (Methow basin), to prevent the extinction of those spawning
populations. All spring chinook salmon passing Wells Dam in 1996 and 1998 were trgpped and
brought into the hatchery to begin a composite-stock broodstock supplementation program for the
Methow Basin.

Ford et d. (1999) proposed recovery abundance levels of for the three spawning populationsin the
UCR spring chinook ESU (i.e., 3,750 spawners for the Wenatchee; 2,000 for the Methow; and 500
for the Entiat river). For the ESU asawhole, CRI estimated an average population growth rate
(lambda) of 0.876 (McClure et d. 2000). The CRI estimated average growth rates and the risk of
extinction for each of the three spawning populations, incorporating the proportion of spawners that
were hatchery fish and assuming that hatchery fish do not reproduce. Lambda ranged from 0.801 for
the Wenatchee to 0.932 for the Methow river population (Table 5). Therisk of asolute extinction
within 100 years ranged from 71% for the Methow to 100% for the Entiat and Wenatchee river
populations.

As part of the Quantitative Andytica Review (QAR) for listed pecies (spring chinook salmon and
geelhead) in the upper Columbia basin, NMFS chaired an interagency group that applied the principles
contained in the draft Viable Samonid Populations paper (McElhaney et d. 2000) to these ESUs. The
QAR process used an dternative modd called the Cohort Replacement Rate (CRR) Modd (Botsford
and Britenacher 1998) to estimate extinction risks and recovery surviva requirements for the
Wenatchee, Methow, and Entiat spawning populations. The CRR modd is specificaly adapted to the
life history structure of sdmon and a variation accommodates ceilings on smolt production based on
estimates habitat capacity (Cooney 2000). The CRR mode used the same spawner recruit data series
asthe CRI modd and estimated similar extinction risks when gpplied to the same base period (1980
through 1994 brood years). The CRR estimated extinction risks within 100 years of 98 to 99% for the
Wenatchee and Entiat spring chinook salmon spawning populations, and over 50% for the Methow,
assuming that the conditions that affected the 1980 through 1994 brood years continue into the future.
Both modeling sysemsindicate that substantia improvement in average surviva (over the levels
experienced by the 1980 through 1994 broods) will be required to reduce long-term extinction risk to
acceptable levels (e.g., less than 5%).

Upper Willamette River Chinook Salmon

Upper Willamette River chinook saimon are one of the most distinct groups in the Columbia basin --
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geneticdly, in terms of age structure, and in terms of their marine ditribution (64 FR 14322). The
narrow time window available for passage above Willamette Fals (at Willamette RKm 42) may have
limited migratory access to the upper basin to spring periods of high flow (Howell et d. 1985),
providing reproductive isolation and thereby defining the boundary of adistinct biogeographic region.
Winter steelhead and spring-run chinook salmon were indigenous above the fdls, but summer
steelhead, fal chinook salmon, and coho salmon were not (Busby et d. 1996). Because the Willamette
Valey was not glaciated during the last epoch (McPhall and Lindsey 1970), any reproductive isolaion
provided by the fals would have been uninterrupted for a considerable time period, providing the
potentia for sgnificant local adaptation relative to other Columbia basin populations.

The life-history of chinook sdmon in the Upper Willamette River ESU includes traits from both ocean-
and stream-type development strategies. smolts emigrate both as young-of-the-year and as age-1 fish.
Mattson (1962) reported three distinct migrations of juvenile spring chinook saimon in the lower
Willamette River (Lake Oswego ared), including movements of a given year class during late winter
through spring (age-0 migrants; 40 to 100 mm), late fal-early winter (age-1 fish; 100-130 mm), and
then during the following spring (age-2 fish; 100 to 140 mm). Smoalt and fry migration patterns at
Leaburg Dam in the McKenzie River gppear to have shifted over the years, samples collected between
1948 and 1968 indicated that fry emigrated primarily during March through June (Howell et d. 1988)
but now pesk during January through April (earlier than in previous years) (Corps 2000). Digtribution
in the ocean is congstent with an ocean-type life history (the mgority are caught off the coasts of British
Columbia and Southeast Alaska).

Higtorically, five mgor basins produced spring chinook salmon:  the Clackamas, North and South
Santiam, McKenzie, and Middle Fork Willamette rivers. However, between 1952 and 1968, dams
were built on dl of the mgor tributaries occupied by spring chinook, blocking over hadf the most
productive spawning and rearing habitat. \Water management operations have aso reduced habitat
qudity in downstream areas due to therma effects (rdatively warm water released during autumn, leads
to the early emergence of stream-type chinook fry, and cold water released during spring reduces
juvenile growth rates).

Spring chinook on the Clackamas River were denied access to the upper watershed after 1917, when
the fish ladder washed out a Faraday Dam, but recolonized the system after 1939, when the ladder
was repaired. Based on the information available, NMFS has not been able to determine whether the
recolonization of the Clackamas system was human-mediated. Regardless, NMFS included natural-
origin spring chinook salmon from the Clackamas subbasin as part of the listed ESU and considersthis
spawning population a potentialy important genetic resource for recovery.

Information provided by ODFW (1998) indicates that, at present, the only significant natura
production of spring-run chinook salmon above Willamette Fals occurs in the McKenzie River basin.
Nicholas (1995) aso suggested that a self-sustaining population exigts in the North Santiam River basin
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(BRT 1998) but ODFW contends that the therma profile of water released from Detroit Dam
sgnificantly reduces the surviva of any progeny from naturaly-spawning fish 64 FR 14308. The
McKenzie River may now account for 50% of the production potentid in the Willamette River basin,
with 80% of that above Leaburg Dam. The number of natural-origin fish counted a Leaburg Dam
increased from 786 in 1994 to 1,364 in 1998 (Table 8).

The Clackamas River currently accounts for about 20% of the production potentid in the Willamette
River basin, originating from one hatchery plus natural production areas thet are primarily located above
the North Fork Dam. The interim escapement goal for the area aove North Fork Dam is 2,900 fish
(ODFW 19984). However, the system is S0 heavily influenced by hatchery production that it is difficult
to digtinguish spawners of natura- from hatchery origin. Approximately1,000 to 1,500 adults have
been counted at the North Fork Dam in recent years.

More than 70% of the production capacity of the North Santiam system was blocked when Detroit
Dam was built without passage facilities. The remaining downstream habitat is adversely affected by
the temperature effects (i.e, warm water) of flow regulation. This system has aso been substantialy
influenced by hatchery production, athough the origina genetic resource has been maintained as the
Marion Forks Hatchery stock (ODFW 19984). Despite these limitations, natural spawning continues
in the lower river. The count of 194 reddsin the area below Minto Dam (the lower-most dam) during
1998 was margindly higher than during either of the prior two years (Lindsay et d. 1998). Theorigin
of these spawning adults has not been determined (although some coded-wire tag recoveries from
Santiam River hatcheries have been recovered) nor has their reproductive success.

Mitigation hatcheries were built to offset the substantia habitat losses that resulted from dam
congruction. Asaresult, 85% to 95% of the production in the basin is now of hatchery origin.
Although the hatchery programs have maintained broodlines that are rdatively free of genetic influences
from outsde the basin, they may have homogenized within-basin stocks, reducing the population
gructure within the ESU. Prolonged artificid propageation of the mgority of the production from this
ESU may aso have reduced the ability of Willamette River spring-run chinook salmon to reproduce
successtully inthewild. Five of Sx exigting hatchery stocks were included in the ESU but none were
listed or consdered essentid for recovery.

The spring run has been counted a Willamette Falls since 1946 but jacks were not differentiated from
the total count until 1952. The geometric mean of the estimated run size for the period 1946 through
1950 was 43,300 fish, compared to an estimate for the most recent 5-year period (1994 through
1998) of 25,500 (Table 22 in ODFW and WDFW 1999 and Table 8). Nicholas (1995) estimated
only 3,900 natura spawnersin 1994 for the ESU, approximately 1,300 of these naturaly produced.
The number of naturaly-spawning fish hasincreased gradualy in recent years, but NMFS believes that
many are firg-generaion hatchery fish.

32



Appendix A June 2000

Table 8. Run size of spring chinook at the mouth of the Willamette River and counts at Willamette Falls
and Leaburg Dam on the McKenzie River (Nicholas 1995; ODFW and WDFW 1998). The Leaburg
counts show wild and hatchery counts combined since 1985 and wild counts only since 1994. Estimates
for 1999 are preliminary.

Estimated Number L eaburg Dam Count
Return Entering Willamette Willamette Falls

Year River Count Combined Wild Only
1985 57,100 34,533 825

1986 62,500 39,155 2,061

1987 82,900 54,832 3,455

1988 103,900 70,451 6,753

1989 102,000 69,180 3,976

1990 106,300 71,273 7,115

1991 95,200 52,516 4,359

1992 68,000 42,004 3,816

1993 63,900 31,966 3,617

1994 47,200 26,102 1,526 786
1995 42,600 20,592 1,622 894
1996 34,600 21,605 1,445 1,086
1997 35,000 26,885 1,176 981
1998 45,100 34,461 1,874 1,364
1999 58,000 40,410 1,458 1,416
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The NMFS has not proposed recovery levels for UWR chinook salmon but expects thisto be the
work of the recently convened Technica Recovery Team for the lower Columbia and upper Willamette
river ESUs. For the ESU asawhole, CRI estimated an average population growth rate (lambda) of
0.906 (McClure et d. 2000). The CRI aso estimated lambda (0.988) and the risk of absolute
extinction within 100 years (7%) for the aggregate population on the McKenzie River above Leaburg,
incorporating the proportion of spawners in the population that were hatchery fish but assuming that
hatchery fish do not reproduce (T able 5).

Lower Columbia River Chinook Salmon

The LCR chinook salmon ESU includes spring stocks as wdll asfdl tule and bright components.
Spring-run chinook salmon on the lower Columbia River, like those from coastd stocks, enter
freshwater in March and April wel in advance of spawning in August and September. Higtoricdly, the
spring migration was synchronized with periods of high rainfall or snowmelt to provide access to upper
reaches of mogt tributaries, where spring stocks would hold until spawning (Fulton 1968, Olsen et dl.
1992, WDF et al. 1993).

Fal chinook predominate lower Columbia River sdmon runs. Fal chinook return to theriver in
mid-August and spawn within afew weeks (WDF et d. 1993, Kostow 1995). The mgority of fall-run
chinook samon emigrate to the marine environment as subyearlings (Reimers and Loeffd 1967, Howell
et a. 1985 WDF et d. 1993). Returning adults that emigrated as yearling smolts may have originated
from the extengive hatchery programs within the ESU. It is aso possible that modificationsin the river
environment have atered the duration of freshwater resdence. Adult fall-run fish return to tributaries in
the lower Columbia River a 3- and 4-years of age compared to 4- to 5-yearsfor spring-run fish. This
difference may be related to the predominance of yearling smolts among spring-run socks. Marine
coded-wire-tag recoveries for lower Columbia River stocks tend to occur off the British Columbia and
Washington coasts, dthough a small proportion of the tags are recovered in Alaskan waters.

There are no reliable estimates of historica abundance for this ESU, but it is generaly agreed that
natura production has been greetly reduced over the last century. Recent abundance estimates include
a5-year (1991 through 1995) geometric mean natura spawning escapement of 29,000 naturd
spawners and 37,000 hatchery spawners. However, according to the accounting of PFMC (1996),
goproximately 68% of the natural spawners are firs-generation hatchery strays.

Hatchery programs to enhance chinook sdmon fisheriesin the lower Columbia River began in the
1870s, expanded rapidly, and have continued throughout this century. Although the mgority of
hatchery stocks have come from within this ESU, over 200 million fish from outside the ESU have been
released since 1930. A particular concern noted at the time of listing related to the straying by Rogue
River fdl-run chinook sdmon, which are rdleased into the lower Columbia River to augment harvest.
The release srategy has snce been modified to minimize straying, but it istoo early to assess the effect
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of the change. Avallable evidence indicates a pervadve influence of hatchery fish on most naturd
populations of LCR chinook salmon, including both spring- and fall-run populations (Howell et d.
1985, Marshdl et d. 1995). In addition, the exchange of eggs between hatcheriesin this ESU has led
to the extensive genetic homogenization of hatchery stocks (Utter et a. 1989).

The remaining spring chinook stocksin the LCR chinook sdimon ESU are found in the Sandy River,
Oregon, and the Lewis, Cowlitz, and Kdama rivers, Washington. Spring chinook in the Clackamas
River are consdered part of the UWR chinook salmon ESU. Despite substantiad influence of fish from
hatcheries in the Upper Willamette River ESU in past years, naturaly spawning spring chinook salmon
in the Sandy River are included in the LCR chinook salmon ESU because they probably contain the
remainder of the origind genetic legacy for that system. Recent escapements above Marmot Dam on
the Sandy River average 2,800 and have been increasing (ODFW 1998b). Hatchery-origin spring
chinook are no longer released above Marmot Dam; the proportion of first generation hatchery fishin
the escapement isrelatively low, on the order of 10% to 20% in recent years. 1n 1999, the escapement
dropped to 1,828 fish, in part because only unmarked “ naturaly produced” fish were passed over
Marmot Dam (Schroeder et al. 1999).

On the Washington side, spring chinook were native to the Cowlitz and Lewisrivers and thereis
anecdotd evidence that a distinct spring run existed in the Kdlama River subbasin (WDF 1951). The
Lewis River spring run was severely affected by dam congtruction. During the period between the
congtruction of Merwin Dam in 1932 and Y de Dam in the early 1950s, WDF attempted to maintain
the run by collecting adults at Arie/Merwin for hatchery propagation or (in years when returnswere in
excess of hatchery needs) release to the spawning grounds (WDF 1951). As native runs dwindled,
Cowlitz spring-run chinook salmon were reintroduced in an effort to maintain them. In the Kdlama
River, escapements of less than 100 fish were present until the early 1960s when spring-run hatchery
production was initiated with a number of stocks from outside the basin. Recent (1994 through 1998)
average estimates for naturdly spawning spring chinook are 235, 224, and 372 fish in the Cowlitz,
Kaama, and Lewis rivers, respectively. Some (perhaps alarge) proportion of the natural spawnersin
each system is believed to be hatchery strays (ODFW 1998b). Although, the Lewis and Kalama
hatchery stocks have been mixed with out-of-basin stocks, they are included in the ESU. The Cowlitz
River hatchery stock islargely free of introductions. Although it is consdered essentia for recovery itis
not listed because the state of Washington's hatchery and harvest practices were consdered sufficiently
protective of this stock that their future existence and vaue for recovery are not at risk (64 FR 14321).
Numbers of spring chinook returning to the Cowlitz, Kadama, and Lewis rivers have declined in recent
years, but still number severd hundred to a few thousand in each system (Table 9).

There are goparently three sdf-sustaining natura populations of tule chinook in the lower Columbia

River (Coweeman, East Fork Lewis, and Clackamas) that are not substantiadly influenced by hatchery
drays. Returnsto the East Fork and Coweeman have been stable and near interim escapement goals
in recent years. Recent 5- and 10-year average escapements to the East Fork Lewis River have been
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about 300 compared to an interim escapement goal of 300. Recent 5- and 10-year average
escagpements to the Coweeman River are 900 and 700, respectively compared to an interim natural
escapement goal of 1,000 (pers. comm., from G. Norman, WDFW to P. Dygert NMFS, February 22,
1999). Natura escapement on the Clackamas has averaged about 350 in recent years. There have
been no releases of hatchery fall chinook in the Clackamas since 1981 and there are apparently few
hatchery strays. The population is considered depressed, but stable and sdlf-sustaining (ODFW
1998b). Thereis some natura spawning of tule fal chinook in the Wind and Little White Sdlmon
Rivers, tributaries above Bonneville Dam (the only component of the ESU that is affected by tribal
fisheries). Although there may be some naturd production in these systems, the spawning results
primarily from hatchery-origin strays.

Escapement of LCR bright fal chinook saimon to the North Fork Lewis River exceeded its
escgpement god of 5,700 by a substantial margin every year from the 1970s until 1978. However,
runs have been declining and, probably combined with the effect of the 1996 and 1997 floods on
habitat, the 1999 return was low (about 3,300). A return of 2,700 is forecast for 2000 (PFMC 2000).

There are two smdler populations of LCR bright fal chinook samon in the Sandy and East Fork Lewis
rivers. Run sizesin the Sandy River have averaged about 1,000 and have been stable for the last 10 to
12 years. Thefdl chinook hatchery program in the Sandy River was discontinued in 1977, with the
intention of reducing the number of hatchery sraysin the sysem. There is aso alate spawning
component in the East Fork Lewis River that is comparable in timing to the other ‘bright’ stocks. The
escapement of these fish isless well documented, but it gppears to be stable and largely unaffected by
hatchery fish (ODFW 1998b).

All basinsin the region are affected to varying degrees by habitat degradation. Maor habitat problems
are related primarily to blockages, forest practices, urbanization in the Portland and VVancouver aress,
and agriculture in flood plains and low-gradient tributaries. Substantid chinook salmon spawning
habitat has been blocked (or passage substantidly impaired) in the Cowlitz (Mayfiedld Dam 1963, RKm
84), Lewis (Merwin Dam 1931, RKm 31), Clackamas (North Fork Dam 1958, RKm 50), Hood
(Powerdde Dam 1929, RKm 7), and Sandy (Marmot Dam 1912, RKm 48; Bull Run River damsin
the early 1900s) rivers (WDF et a. 1993, Kostow 1995).

The NMFS has not proposed recovery levels for LCR chinook salmon but expects this to be the work
of the recently convened Technica Recovery Team for the lower Columbia and upper Willamette river
ESUs. For the ESU asawhole, CRI estimated an average population growth rate (lambda) of 0.943
(McClureet d. 2000). The CRI also estimated average population growth rates and the risk of
extinction for 19 subbasin populations, incorporating the proportion of spawnersin the population that
were hatchery fish but assuming that hatchery fish do not reproduce. Lambda ranged from 0.656 for
Bear Creek to 1.018 for the KalamaRiver (Table 5). Therisk of absolute extinction within 100 years
ranged from 2% for Plympton Creek to 100% for Bear and Mill creeks and for the Klaskanine and
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Youngsrivers. Extinction risk could not be estimated for most Washington subbasins becauise data
were peak counts and therefore not gppropriate for use with the Dennis mode!.
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Table 9. Estimated Lower Columbia River adult spring chinook salmon returns to tributaries, 1992
through 1999 (Pettit 1998, ODFW and WDFW 1999).

Cowlitz Lewis Kalama Total Returns

Year Sandy River River River River (Excluding Willamette)
1992 8,600 10,400 5,600 2,400 27,200
1993 6,400 9,500 6,600 3,000 25,500
1994 3,500 3,100 3,000 1,300 10,900
1995 2,500 2,200 3,700 700 9,100
1996 4,100 1,800 1,700 600 8,200
1997 5,200 1,900 2,200 600 9,900
1998 4,300 1,100 1,600 400 7,400
1999 1,600 1,900 600
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2. Stedhead

Snake River Stedhead

The longest consistent indicator of steelhead abundance in the Snake River basin is based on counts of
natura-origin steehead at the uppermost dam on the lower Snake River. The abundance of natura-
origin summer steelhead at the uppermost dam on the Snake River has declined from a4-year average
of 58,300 in 1964 to an average of 8,300 ending in 1998. In generd, steelhead abundance declined
sharply in the early 1970s, rebuilt modestly from the mid-1970s through the 1980s, and again declined
during the 1990s (Figure 1).

These broad scae trends in the abundance of steelhead were reviewed through the PATH process.
The PATH report concluded thet the initid, substantid decline coincided with the declining trend in
downstream passage survival. However, the more recent decline in abundance, observed over the last
decade or more, does not coincide with declining passage survival but can be a least partidly be
accounted for by a shift in climatic regimes that has affected ocean surviva (Marmorek 1998).

The abundance of A-run versus B-run components of Snake River basin steelhead can be distinguished
in data collected since 1985. Both components have declined through the 1990s, but the decline of B-
run steelhead has been more significant. The 4-year average counts at Lower Granite Dam declined
from 18,700 to 7,400 beginning in 1985 for A-run steelhead and from 5,100 to 900 for B-run
gseehead. Counts over the last five or Sx years have been stable for A-run steelhead and without
ggnificant trend (Figure 2). Counts for B-run steelhead have been low and highly variable, but dso
without apparent trend (Figure 3).

Comparison of recent dam counts with escapement objectives provides perspective regarding the
datus of the ESU. The management objective for Snake River stedhead stated in the Columbia River
Fisheries Management Plan was to return 30,000 natura/wild steelhead to Lower Granite Dam. The
All Species Review (TAC 1997) further clarified that this objective was subdivided into 20,000 A-run
and 10,000 B-run steelhead. 1daho has reeval uated these escapement objectives using estimates of
juvenile production capecity. This dternative methodology lead to revised estimates of 22,000 for A-
run and 31,400 for B-run steelhead (pers. comm., S. Kefer, IDFG. with P. Dygert, NMFS).

The State of Idaho has conducted redd count surveysin dl of the mgjor subbasins since 1990.
Although the surveys are not intended to quantify adult escapement, they can be used asindicators of
relaive trends. The sum of redd counts in natura-origin B-run production subbasins declined from 467
in 1990 to 59 in 1998 (Figure 4). The declinesare evident in al four of the primary B-run production
aress. Index countsin the natura-origin A-run production areas have not been conducted with enough
consgency to permit Smilar characterization.
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Figure 1. Adult returns of wild summer steelhead to the uppermost dam on the Snake River.
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Figure 2. Escapement of A-run Snake River steelhead to the uppermost dam. Source: Datafor 1980
through 1984 from Figures 1 and 2 of Section 8 in TAC (1997). Data for 1985 through 1998 from Table 2
of Section 8 (TAC 1997) and pers. Comm. G. Mauser, IDFG.
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Figure 3. Escapement of B-run Snake River steelhead to the uppermost dam. Source: Data for 1980
through 1984 from Figures 1 and 2 of Section 8 in TAC (1997). Data for 1985 through 1998 from Table 2
of Section 8 (TAC 1997) and pers. Comm. G. Mauser, IDFG.
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Figure 4. Redd counts for wild Snake River (B-run) steelhead in the South Fork and Middle Fork
Salmon, Lochsa, and Bear Creek-Selway index areas. Data for the Lochsa exclude Fish Creek and
Crooked Fork. Sources: memo from T. Holubetz (IDFG), “1997 Steelhead Redd Counts’, dated May 16,

1997, and IDFG, unpubl. data).
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Idaho has aso conducted surveys for juvenile abundance in index areas throughout the Snake River
basin since 1985. Parr densities of A-run steelhead have declined from an average of about 75% of
carrying capacity in 1985 to an average of about 35% in recent years through 1995 (Figure 5). Further
declines were observed in 1996 and 1997. Parr densties of B-run steelhead have been low, but
relatively stable since 1985, averaging 10% to 15% of carrying capacity through 1995. Parr densities
in B-run tributaries declined further in 1996 and 1997 to 11% and 8%, respectively.
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Figure 5. Percent of estimated carrying capacity for juvenile (age-1+ and -2+) wild A- and B-run
steelhead in Idaho streams. Source: data for 1985 through 1996 from Hall-Griswold and Petrosky
(1998); data for 1997 from IDFG (unpublished).
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It is apparent from the available data that B-run steelhead are much more depressed than the A-run
component. In evaluating the status of the Snake Basin steelhead ESU it is pertinent to consider
whether B-run stedhead represent a"significant portion” of the ESU. Thisis particularly relevant
because the tribes have proposed to manage the Snake River Basin stedlhead ESU as awhole without
distinguishing between components and further that it isincons stent with NMFS authority to manage
for components of an ESU.

It isfirg relevant to put the Snake River basin into context. The Snake River historicaly supported
over 55% of total naturd-origin production of steelhead in the Columbia basin and now has
approximately 63% of the basin's natura production potential (Medy 1997). B-run steelhead occupy
four mgor subbasins including two on the Clearwater River (Lochsaand Seway) and two on the
Samon River (Middle Fork and South Fork Salmon), areas that for the most part are not occupied by
A-run steddhead. Some natural B-run steelhead are aso produced in parts of the mainstem Clearwater
and itsmgjor tributaries. There are dternative escapement objectives for B-run steelhead of 10,000
(CRFMP) and 31,400 (Idaho). B-run steelhead therefore represent at least 1/3 and as much as 3/5 of
the production capacity of the ESU.

B-run stedhead are distinguished from the A-run component by their unique life history characterigtics.
B-run stedhead were traditiondly distinguished as larger and older, later-timed fish that return primarily
to the South Fork Salmon, Middle Fork Saimon, Selway, and Lochsarivers. The recent review by
TAC concluded that different populations of stedlhead do have different sze structures, with
populations dominated by larger fish (i.e.,, >77.5 cm) occurring in the traditionaly defined B-run basins
(TAC 1999). Larger fish occur in other populations throughout the basin, but a much lower rates
(evidence suggests that fish returning to the Middle Fork Samon and Little Sdmon are intermediate in
that they have amore equd distribution of large and smdl figh).

B-run steelhead are dso generdly older. A-run stedhead are predominately age-1-ocean fish whereas
most B-run steelhead generally spend two or more years in the ocean prior to spawning. The
differences in ocean age are primarily responsble for the differencesin the sze of A- and B-run
secdhead. However, B-run steelhead are dso thought to be larger at age than A-run fish. Thismay be
due, at least in part, to the fact that B-run steelhead leave the ocean later in the year than A-run
steelhead and thus have an extra month or more of ocean residence at atime when growth rates are
thought to be greatest.

Higtoricdly, adistinctly bimoda pattern of freshwater entry could be used to distinguish A-run and B-
run fish. A-run steelhead were presumed to cross Bonneville Dam from June to late August while B-
run steelhead enter from late August to October. TAC reviewed the available information on timing
and confirmed that the mgority of large fish do Hill have alater timing a Bonneville; 70% of the larger
fish crossed the dam after August 26, the traditiond cutoff date for separating A- and B-run fish (TAC
1999). However, thetiming of the early part of the A-run has shifted somewhat later, thereby reducing
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the timing separation that was so gpparent in the 1960s and 1970s. Thetiming of the larger, naturd-
origin B-run fish has not changed.

As pointed out above, the geographic distribution of B-run steelhead is restricted to particular
watersheds within the Snake River basin (areas of the mainstem Clearwater, Selway, and Lochsarivers
and the South and Middle Forks of the Sdmon River). No recent genetic data are available for
steelhead populationsin South and Middle Forks of the Sdmon River. The Dworshak NFH stock and
natural populations in the Sdway and Lochsa Rivers are thus far the most genetically distinct
populations of steelhead in the Snake River basin (Wapleset d. 1993). In addition, the Selway and
Lochsariver populations from the Middle Fork Clearwater appear to be very smilar to each other
geneticdlly, and naturdly produced rainbow trout from the North Fork Clearwater River (above
Dworshak Reservoir) clearly show an ancestral genetic smilarity to Dworshak NFH stedhead. The
existing genetic data, the restricted geographic ditribution of B-run steelhead in the Snake (Columbia)
River basin, and the unique life history attributes of these fish (i.e. larger, older adults with alater
distribution of run timing compared to A-run steelhead in other portions of the Columbia River basin)
clearly support the conservation of B-run steelhead as a biologicaly significant component of the Snake
River ESU.

Another gpproach to assessing the status of an ESU being developed by NMFS s to consider the
dtatus of its component populations. For this purpose a population is defined as a group of fish of the
same species pawning in aparticular 1ake or stream (or portion thereof) at a particular season, which
to asubgtantia degree do not interbreed with fish from any other group spawning in a different place or
in athe same place a a different season. Because populations as defined here are rlatively isolated, it
is biologicaly meaningful to evauate the risk of extinction of one population independently from any
other. Some ESUs may be comprised of only one population whereas others will be congtituted by
many. The background and guidelines related to the assessment of the status of populationsis
described in arecent draft report discussing the concept of Viable Salmonid Populations (M cElhany et
al. 2000).

The task of identifying populaions within an ESU will require making judgements based on the available
information. Information regarding the geography, ecology, and genetics of the ESU are relevant to this
determination. Although NMFS has not compiled and formaly reviewed dl the available information
for this purposg, it is reasonable to conclude that, at a minimum, each of the mgor subbasinsin the
ESU represent a population within the context of this discusson. A-run populations would therefore
include a least the tributaries to the lower Clearwater, the upper Sdmon River and its tributaries, the
lower SAmon River and its tributaries, the Grand Ronde, Imnaha, and possibly the Snake maingem
tributaries below Hells Canyon Dam. B-run populations would be identified in the Middle Fork and
South Fork Samon rivers and the Lochsa and Sdway rivers (mgor tributaries of the upper
Clearwater), and possbly in the mainstem Clearwater River, aswedl. These basns are, for the most
part, large geographica areas and it is quite possible that thereis additiona population structure within
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at least some of these basins. However, because that hypothesis has not been confirmed, NMFS
assumes that there are at least five populations of A-run steehead and five populations of B-run
geelhead in the Snake River Basin ESU. Escapement objectives for A and B-run production areasin
Idaho, based on estimates of smolt production capacity, are shownin Table 10.
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Table 10. Adult steelhead escapement objectives based on estimates of 70% smolt production capacity.
(Note: comparable estimates are not available for populations in Oregon and Washington subbasins.)

A-Run Production Areas | B-Run Production Areas

Upper Salmon 13,570 Mid Fork Salmon 9,800
Lower Salmon 6,300 South Fork Salmon 5,100
Clearwater 2,100 Lochsa 5,000
Grand Ronde Q) Selway 7,500
Imnaha @ Clearwater 4,000
Total 21,970 Total 31,400
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Hatchery populations, if geneticdly smilar to their naturd-origin counterparts, provide a hedge aganst
extinction of the ESU or of the gene pool. The Imnaha and Oxbow hatcheries produce A-run stocks
that are currently included in the Snake River Basin sedhead ESU. The Pahameroi and Wallowa
hatchery stocks may aso be gppropriate and available for use in devel oping supplementation programs,
the NMFS required in its recent biologica opinion on Columbia basin hatchery operations that this
program begin to trangition to alocal-origin broodstock to provide a source for future supplementation
effortsin the lower Salmon River (NMFS 1999b). Although other stocks provide more immediate
opportunities to initiate supplementation programs within some subbasing, it may aso be necessary and
desirable to develop additiona broodstocks that can be used for supplementation in other natura
production areas. Despite uncertainties related to the likelihood that supplementation programs can
accelerate the recovery of naturaly spawning populations, these hatchery stocks provide a safeguard
againg the further decline of natura-origin populations.

The Dworshak Nationa Fish Hatchery (NFH) is unique in the Snake River basin in producing a B-run
hatchery stock. The Dworshak stock was developed from naturd-origin steelhead from within the
North Fork Clearwater River, islargely free of introductions from other areas, and was therefore
included in the ESU dthough not as part of the listed population. However, past hatchery practices and
possibly changesin flow and temperature conditions related to Dworshak Dam have lead to substantia
divergence in spawn timing of the hatchery stock compared to what was observed higoricdly in the
North Fork Clearwater River, and compared to natural-origin populations in other parts of the
Clearwater basin. Because the spawn timing of the hatchery stock is much earlier than it was
higoricdly (Figure 6), the success of supplementation efforts using these stocks may be limited. In
fact, past supplementation effortsin the South Fork Clearwater River using Dworshak NFH stock have
been largely unsuccessful, athough improvements in out-planting practices have the potentid to yield
different results. In addition, the unique genetic character of Dworshak Hatchery steelhead noted
above will limit the degree to which the stock can be used for supplementation in other parts of the
Clearwater subbasin and particularly in the SAmon River B-run basins. Supplementation effortsin
those aress, if undertaken, will more likely have to rely on the future development of local broodstocks.
Supplementation opportunities in many of the B-run production areas will be limited in any case
because of logidticd difficulties in getting to and working in these high mountain, wilderness aress.
Because opportunities to acceerate the recovery of B-run steelhead through supplementation, even if
successful, are expected to be limited, it is essentia to maximize the escapement of naturd-origin
geelhead in the near term.

Findly, the conclusions and recommendations of the TAC's All Species Review are pertinent to this
review of the status of Snake River dedhead. Congdering information available through 1996, the
1997 All Species Review stated:

"Regardless of assessment methods for A and B steelhead, it is gpparent that the primary god of
enhancing the upriver summer stedhead run is not being achieved. The Satus of upriver summer
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geelhead, particularly natural-origin fish, has become a serious concern. Recent declinesin al stocks,
across al measures of abundance, are disturbing.

"There has been no progress toward rebuilding upriver runs since 1987. Throughout the Columbia
River Basin, dam counts, welr counts, spawning surveys, and rearing densities indicate naturd-origin
stedlhead abundance is declining, culminating in the proposed listing of upriver socks in 1996.
Escapements have reached criticdly low levels despite the rdatively high productivity of naturd and
hatchery rearing environments. Improved flows and ocean conditions should increase smolt-adult
surviva rates for upriver summer steelhead. However, reduced returnsin recent years are likely to
produce fewer progeny and lead to continued low abundance.
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Figure 6. Historical versus current spawn-timing of steelhead at Dworshak Hatchery.
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"Although steelhead escapements would have increased (in some years subgtantidly) in the absence of
maingtem fisheries, data andlyzed by the TAC indicate that impacts other than mainsgem Columbia
River fishery harvest are primarily respongble for the currently depressed status and the long term
health and productivity of wild stedlhead populationsin the Columbia River.

"Though harvest is not the primary cause of declining summer steelhead stocks, and harvest rates have
been below guiddines, harvest has further reduced escapements. Prior to 1990, the aggregate of
upriver summer stedhead in the mainstem Columbia River appears at times to have led to the fallure to
achieve escapement gods at Lower Granite Dam. Wild Group B steelhead are presently more
sengtive to harvest than other sdlmon stocks, including the rest of the steelhead run, due to their
depressed status and because they are caught at higher ratesin the Zone 6 fishery.

"Small or isolated populations are much more susceptible to stochastic events such as drought and poor
ocean conditions. Harvest can further increase the susceptibility of such populations. The CRFMP
recognizes that harvest management must be responsive to run size and escapement needs to protect
these populations. The parties should ensure that CRFMP harvest guidelines are sufficiently protective
of weak stocks and hatchery broodstock requirements.”

The All Species Review included the following recommendations:

» Devedop dternative harvest strategies to better achieve rebuilding and alocation objectives.
» Condder modification of steelhead harvest rate guideines relaive to stock management units and

escapement needs.

The NMFS has not proposed recovery levels for SR steelhead but expects this to be the work of the
Snake River Technical Recovery Team. For the ESU asawhole, CRI estimated an average
population growth rate (lambda) of 0.969 based on projected escapement trends and an assumption
that future environmental conditionswill be smilar to those observed during the base period (McClure
et d. 2000). The CRI dso estimated average population growth rates and the risk of extinction for A-
run and B-run steelhead, incorporating the proportion of spawners that were hatchery fish but assuming
that hatchery fish do not reproduce. Lambdawas 0.913 for A-run and 0.917 for B-run steelhead,
repectively (Table 5). In both cases, the risk of absolute extinction in 100 yearswas very low: 0%
for A-run and 4% for B-run steelhead.

The Cohort Replacement Rate (CRR) model

Upper Columbia River Stedhead

Upper Columbia River stedhead inhabit the Columbia River reach and its tributaries upstream of the
YakimaRiver. Thisregion includes severd riversthat drain the east dopes of the Cascades Mountains
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and severd that originate in Canada (only U.S. populations are included in the ESU). Dry habitat
conditionsin this area are less conducive to steelhead surviva than in many other parts of the Columbia
basn (Mullan et d. 19923). Although the life history of this ESU is smilar to that of other inland
steelhead, smolt ages are some of the oldest on the west coast (up to 7 years old), probably due to the
ubiquitous cold water temperatures (Mullan et d. 1992b). Adults spawn later than in most downstream
populations, remaining in freshwater up to a year before spawning.

Although runs during the period 1933 through 1959 may have dready been affected by fisheriesin the
lower river, dam counts suggest a pre-fishery run size of more than 5,000 adults above Rock 1dand
Dam. The return of Upper Columbia River natura-origin steelhead to Priest Rapids Dam declined
from a 5-year average of 2,700 beginning in 1986 to a 5-year average of 900 beginning in 1994 (FPC
1998; Table 11). The escgpement god for naturd-origin fish is4,500. Mogt current natura
production occurs in the Wenatchee and Methow River system, with a smdler run returning to the
Entiat River. Very limited spawning dso occurs in the Okanagan River basin. A mgority of thefish
gpawning in natura production areas are of hatchery origin. Indications are that natura populationsin
the Wenatchee, Methow, and Entiat rivers are not sdf-sustaining.

This entire ESUs has been subjected to heavy hatchery influence; stocks became thoroughly mixed asa
result of the Grand Coulee Maintenance Project, which began in the 1940s (Fish and Hanavan 1948,
Mullan et d. 19928). Recently, as part of the development of the Mid-Columbia Habitat Conservation
Plan (HCP), it was determined that steelhead habitat within the range of the Upper Columbia ESU was
overseeded, primarily due to the presence of Wells Hatchery fish in excess of those collected for
broodstock. Thiswould partialy explain recent observations of low natural cohort replacement rates
(0.3 for populations in the Wenatchee River and no greater than 0.25 for populations in the Entiat
River; Bugert 1997). The problem of determining appropriate levels of hatchery output to prevent
negetive effects on naturd production is asubject of analysis and review in the mid-Columbia
Quantitative Analytical Report (Cooney 2000). In the meantime, given these uncertainties, efforts are
underway to diversify broodstocks used for supplementation and to minimize the differences between
hatchery and naturd-origin fish (aswell as other concerns associated with supplementation). The best
use for the Wells Hatchery program in the recovery processis yet to be defined, and should be
integrated with harvest activities and recovery measures to optimize the prospects for recovery of the
Species.

Ford et a. (1999) proposed recovery abundance levels for each of the three spawning populations
identified for the UCR steelhead ESU (i.e., 2,500 spawners for the Wenatchee and Methow rivers and
500 for the Entiat River). However, the population level data were not adequate for ng average
population growth rates or the risk of extinction usng the Dennismodel. The CRI estimated an average
growth rate (lambda) for the ESU as awhole of 0.860 (McClure et a. 2000). Lambdawas only
dightly higher when the proportion of spawners that are hatchery fish was taken into account (0.898,
Table5). The estimated risk of absolute extinction within 100 years for the ESU as a whole was 84%.
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The QAR process, gpplied the CRR modd to the aggregate population of UCR steelhead returning to
the Wenatchee and Entiat rivers and to the spawning population in the Methow (Cooney 2000). Both
components are currently dominated by hatchery returns. In order to estimate extinction risk for the
naturaly-produced run, the moded inputs included an assumption that al hatchery inputs ceased after
1999. The QAR recommended a range assumptions about the relative effectiveness of hatchery fish
spawning in the wild compared to spawners of natura parentage (0.25:1 to 1:1). The higher the
assumption of hatchery productivity, the higher the extinction risk of the wild segment of the population.
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Table 11. Adult summer steelhead counts at Priest Rapids, Rock Island, Rocky Reach, and Wells dams

(FPC 1998).

Priest Rapids Rock Isdand Rocky Reach Wells
Y ear Count Wild Origin Count Count Count
1977 9,812 9,925 7,416 5,382
1978 4,545 3,352 2,453 1,621
1979 8,409 7,420 4,896 3,695
1980 8,524 7,016 4,295 3,443
1981 9,004 7,565 5,524 4,096
1982 11,159 10,150 6,241 8,418
1983 31,809 29,666 19,698 19,525
1984 26,076 24,803 17,228 16,627
1985 34,701 31,995 22,690 19,757
1986 22,382 2,342 22,867 15,193 13,234
1987 14,265 4,058 12,706 7,172 5,195
1988 10,208 2,670 9,358 5,678 4,415
1989 10,667 2,685 9,351 6,119 4,608
1990 7,830 1,585 6,936 5,014 3,819
1991 14,027 2,799 11,018 7,741 7,715
1992 14,208 1,618 12,398 7,457 7,120
1993 5,455 890 4,591 2,815 2,400
1994 6,707 855 5,618 2,823 2,138
1995 4,373 993 4,070 1,719 946
1996 8,376 843 7,305 5774 4,127
1997 8,948 785 7,726 7,726 4,107
1998 5,790 919 4,810 4,265 2,482
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Middle Columbia River Stedhead

Life higtory information for Middle Columbia River stedhead indicates that most smolt a 2 years of age
and spend 1 to 2 yearsin salt water (i.e., 1-ocean and 2-ocean fish, respectively). After re-entering
fresh water, they may remain up to ayear prior to spawning (Howdll et a. 1985). Within the ESU, the
Klickitat River isunusud in that it produces both summer and winter stedlhead, and the summer
steelhead are dominated by 2-ocean steelhead (most other riversin this region produce about equa
numbers of both 1-and 2-ocean steelhead).

Escapement to the Y akima, Umatilla, and Deschutes subbasins have shown overdl upward trends,
athough dl tributary counts in the Deschutes River are downward and the Y akima River is recovering
from extremely low abundance in the early 1980s. The John Day River probably represents the largest
native, natural spawning stock in the ESU, and the combined spawner surveys for the John Day River
have been declining at arate of about 15% per year Since 1985. However, estimates based on dam
counts show an overdl increase in sedhead abundance, with ardatively stable naturdly-produced
component. The NMFS, in proposing this ESU for listing as threstened under the ESA, cited low
returns to the Y akima River, poor abundance estimates for Klickitat River and Fifteenmile Creek winter
steelhead, and an overdl decline for naturally-producing stocks within the ESU.

Hatchery fish are widespread and stray to spawn naturaly throughout the region. Recent estimates of
the proportion of natura spawners of hatchery origin range from low (Yakima, WalaWalla, and John
Day rivers) to moderate (Umatilla and Deschutes rivers). Mot hatchery productionin thisESU is
derived primarily from within-basin stocks. One recent area of concern isthe increase in the number of
Snake River hatchery (and possibly wild) steelhead that stray and spawn naturdly within the Deschutes
River Baan. Studies have been proposed to evauate, hatchery programs within the Snake River Bagin
that have shown high rates of straying into the Deschutes River and to make needed changes to
minimize graying to rivers within the Middle Columbia River sedhead ESU.

The ESU isin the intermontane region and includes some of the driest aress of the Pacific Northwes,
generdly receiving less than 40 cm of rainfdl annudly (Jackson 1993). Vegetation is of the shrub-
steppe provinee, reflecting the dry climate and harsh temperature extremes.  Factors contributing to the
decline of Middle Columbia River steelhead include agriculturd practices, especidly grazing and water
diversons/withdrawas. In addition, hydropower development has affected the ESU through loss of
habitat above tributary hydro projects and through mortdities associated with migration through the
Columbia River hydrosystem.

The NMFS has not proposed recovery levels for MCR steehead but expects this to be the work of the
mid- Columbia River Technica Recovery Team. For the ESU asawhole, CRI estimated an average
population growth rate (lambda) of 0.893 (McClure et d. 2000). The CRI dso estimated average
population growth rates and the risk of extinction for four summer-run subbasin populations,
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incorporating the proportion of spawners that were hatchery fish and the assumption that hatchery fish
do not reproduce. Lambda ranged from 0.848 for the Deschutes River to 0.993 for the Y akima River
(Table5). Risk of absolute extinction within 100 years ranged from 0% for the Deschutes, Umdtilla,
and Y akimariversto 94% for the North Fork Warm Springs River. The CRI could not estimate either
lambda or the risk of extinction for a number of other subbasin populations because data were not
available on the proportion hatchery fish.

Upper Willamette River Stedhead

The Upper Willamette River steelhead ESU occupies the Willamette River and its tributaries upstream
of Willamette Fdls. Thisisalae-migrating winter group, entering fresh water primarily during March
and April (Howell et d. 1985). Only thelate runisincluded in the ESU; the largest remaining
population isin the Santiam River syslem. The North Santiam River hatchery stock (ODFW stock 21)
is part of this ESU; listing of this hatchery stock was determined not to be warranted.

Stedhead in the Upper Willamette River basin are heavily influenced by hatchery practices and
introductions of non-native stocks, and native fish into areas not originally the home of stedlhead.
Fishways built a Willamette Fallsin 1885, modified and rebuilt severd times, have facilitated the
introduction of Skamania-stock summer steelhead and early-migrating winter steelhead of Big Creek
stock. Non-native production of summer steelhead appears quite low, and the summer population is
amogt entirdy maintained by artificid production (Howdl et d. 1985). Some naturaly-reproducing
returns of Big Creek-stock winter steelhead occur in the basin (primarily early stock; Table 12). In
recent years, releases of winter steelhead are primarily of native stock from the Santiam River system.

No estimates of abundance prior to the 1960s are available for thisESU. Recent run size can be
estimated from redd counts, dam counts, and counts at Willamette Fals (late stock; Table 12). Recent
tota-basin run sze estimates exhibit generd declines for winter seelhead. The mgority of winter
sedhead populaions in this basn may not be sdf-sugtaining.

Much of the Willamette River Basin is urban or agricultura, and clearcut logging has been widespread
in the Willamette River watershed. Water temperatures and streamflows reach

critical levelsin the basin, and channel modification and bank erosion is substantid. Artificia production
practices are amagjor threat to this ESU. Introgression from non-loca winter hatchery stocks may
occur. Artificid sdection of later run timing may aso result from competition with subgtantia numbers
of hatchery fish and from sdlective fishing pressures.

The NMFS has not proposed recovery levels for UWR steelhead but expects this to be the work of
the recently convened Technical Recovery Team for the lower Columbia and upper Willamette river
ESUs. For the ESU asawhole, CRI estimated an average population growth rate (lambda) of 0.879
(McClureet d. 2000). The CRI also estimated average population growth rates and the risk of
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extinction for four subbasin populations, incorporating the proportion of spawnersin the population that
were hatchery fish but assuming that hatchery fish do not reproduce. Lambda ranged from 0.819 for
the Cdapooia River to 0.979 for the South Santiam River (Table 5) Therisk of absolute extinction in
100 years ranged from 0% for the South Santiam River to 100% for the Calgpooia River.
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Table 12. Escapement of winter steelhead over Willamette Falls and over North Fork Dam on the
Clackamas River, 1971 through 1998.

Willamette Falls Count

Year? North Fork Dam
Total Early Stock?  Late Stock®

1971 26,647 8,152 18,495 4,352
1972 23,257 6,572 16,685 2,634
1973 17,900 6,389 11,511 1,899
1974 14,824 5,733 9,001 680
1975 6,130 3,096 3,034 1,509
1976 9,398 4,204 5,194 1,488
1977 13,604 5,327 8,277 1,525
1978 16,869 8,599 8,270 2,019
1979 8,726 2,861 5,865 1,517
1980 22,356 6,258 16,097 2,065
1981 16,666 7,662 9,004 2,700
1982 13,011 6,117 6,894 1,446
1983 9,298 4,596 4,702 1,099
1984 17,384 6,664 10,720 1,238
1985 20,592 4,549 16,043 1,225
1986 21,251 8,475 12,776 1,432
1987 16,765 8,543 8,222 1,318
1988 23,378 8,371 15,007 1,773
1989 9,572 4,211 5,361 1,251
1990 11,107 1,878 9,229 1,487
1991 4,943 2,221 2,722 837
1992 5,396 1,717 3,679 2,107
1993 3,568 843 2,725 1,352
1994 5,300 1,025 4,275 1,247
1995 4,693 1,991 2,702 1,146
1996 1,801 479 1,322 325
1997 4,544 619 3,925 530
1998 3,678 757 2,921 504

1 Representsyear in which passage is completed. Passage began during the previous year. Total estimates of

passage were not obtained prior to 1971 due to problems of access to the old fishway during higher flow periods.
2 November 1 through February 15. These are mainly introduced Big Creek stock.
3 February 16 through May 15. These are mainly indigenous Willamette stock.
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Lower Columbia River Steelhead

Bushy et d. (1996) summarize the available information on the historical and recent abundances Lower
Columbia River sedthead. No estimates of historica abundance (pre-1960s) specific to thisESU are
available. Because of thar limited distribution in upper tributaries and the urbanization surrounding the
lower tributaries (e.g., the lower Willamette, Clackamas, and Sandy rivers run through Portland,
Oregon, or its suburbs), summer steelhead appear to be more at risk from habitat degradation than
winter sedhead. Based on angler surveys during alimited period, populationsin the lower Willamette,
Clackamas, and Sandy rivers gppear to be stable or increasing dightly, but this type of data may not
reflect trends in underlying abundances. Total annud run sizeis only available for the Clackamas River
population (1,300 winter steelhead, 70% hatchery; 3,500 summer steelhead).

Population dynamicsindicate that the Oregon component of the LCR steelhead ESU is a risk such that
the capacity to survive future periods of environmenta stressis unacceptably low (Chilcote 1998). The
recent collgpse of winter steelhead in the Clackamas River, and the status of summer steelhead in the
Hood River (which together comprise 33% of the ESU) are of specid concern. The Kdama River
population is the only one in Washington State considered “hedthy” (WDFW 1997). All of the other
winter steelhead populations (i.e., those in the Cowlitz, Coweeman, North Fork and South Fork
Toutle, Green, North Fork Lewis, and Washougd rivers) are considered “depressed” (WDFW 1997).
The status of populations of winter steelhead in Hamilton Creek and the Wind River are unknown. The
WDFW trapped fish a Shiperd Fdls on the Wind River during winter 1999-2000 and will use these
data to develop preliminary estimates of steelhead abundance. Among summer steelhead, populations
from the Kdama River, North and East Forks of the Lewis River, and the Washougd River are
considered depressed and the Wind River stock is classified as“critica” (WDFW 1997).

Recent estimates of the proportion of hatchery fish on the winter-run steelhead spawning grounds are
more than 80% in the Hood and Cowlitz rivers, 45% in the Sandy, Clackamas, and Kdamarivers, and
approximately 75% for summer-run stedhead in the Kdama River. Only three out of 14 populations
for which data are available are estimated to have low percent hatchery fish (0% of the Washouga
River summer run and of the runsin Panther and Trout creeks in the Wind River basin). The NMFSis
unable to identify any natura populations of stedhead in this ESU that could be considered “hedthy”,
especidly in light of new genetic data from WDFW that indicate some introgression between the Puget
Sound Chambers Creek Hatchery stock and wild steelhead in thisESU (Phelps et d. 1997). In
addition, summer steelhead, native to the Hood, Lewis, Washouga and Kadamarivers, have been
introduced into the Sandy and Clackamasrivers. Naturdly-spawning populations of winter steelhead
appear to have been negatively affected by these introductions, probably through interbreeding and
competition (Chilcote 1998).

The NMFS has not proposed recovery levels for LCR steelhead but expects this to be the work of the
recently convened Technical Recovery Team for the lower Columbia and upper Willamette river ESUs.
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For the ESU asawhole, CRI estimated an average population growth rate (lambda) of 0.952
(McClureet d. 2000). The CRI also estimated average population growth rates and the risk of
extinction for saeven subbasin populations, incorporating the proportion of spawnersin the population
that were hatchery fish but assuming that hatchery fish do not reproduce. Lambda ranged from 0.882
for the Green River winter run to 1.114 for the Kalama River summer run (Table 5). Therisk of
absolute extinction in 100 years ranged from 0% for the Clackamas, Kdama, and Toutle river winter
runs and the Kalama River summer-run to 96% for the Clackamas River summer run. Lambda and the
risk of extinction could not be estimated for a number of subbasin populations either because data were
entirely too sparse or data on the proportion of hatchery fish were not available.

3. Chum Sdmon

Columbia River Chum Sdmon

The Columbia River higtoricaly contained large runs of chum salmon that supported a substantia
commercid fishery in thefirg haf of this century. These landings represented an annual harvest of more
than 500,000 chum salmon as recently as 1942. Beginning in the mid-1950s, commercial catches
declined drastically and in later years rarely exceeded 2,000 per year. Annua caich, asincidentd take
in the late fal maingem Columbia River fishery, has been less than 50 fish Snce 1994.

Fulton (1970) reported that chum salmon used 22 of 25 historica spawning aress in the lower
Columbia River below The Dales Dam. Even at the time of publication, access to suitable tributary
habitat was limited by naturd (fdls, heavy rubble, and boulders) and manmade structures (dams and
water diversons). Habitat quality was limited by sltation where watersheds had been subjected to
heavy logging. Currently, spawning is limited to tributaries below Bonneville Dam, with most spawning
in two areas on the Washington side of the Columbia River: Grays River, near the mouth of the
Columbia River, and Hardy and Hamilton creeks, approximatdly 3 miles below Bonneville Dam. Some
chum salmon pass Bonneville Dam, but there are no known extant spawning areas in Bonneville poal.
Grays River chum samon enter the Columbia River from mid-October to mid-November, but do not
reach the Grays River until late October to early December. These fish spawn from early November to
late December. Fish returning to Hamilton and Hardy Creeks begin to gppear in the Columbia River
earlier than Grays River fish (late September to late October) and have a more protracted spawn timing
(mid-November to mid-January). All of these populations have been influenced by hatchery programs
and fish trandfers; the Sea Resources Hatchery on the Chinook River uses Willgpa Bay chum stock and
had ardatively large return (3,000 fish) in 1993. Beginning in 1999, WDFW and NMFS required that
Sea Resources Hatchery either destroy their smolts or release them in Willapa Bay.

The egtimated minimum run size for the Columbia River ESU has been relatively sable, dbeit at avery
low leve, since the run collgpsed during the mid-1950s (Figure 7). Current abundance is probably
less than one percent of historical levels and the ESU has undoubtedly lost some (perhaps much) of its
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origind genetic diversity. Average annud natura escapement
to the index spawning areas was gpproximately 1,300 fish for the period 1990 through 1998 (ODFW
and WDFW 1999).

Index spawning areas are located in the Grays River system, near the mouth of the Columbia River, and
in the Hardy Creek/Hamilton Creek/Ives Idand complex below Bonneville Dam. The WDFW
surveyed other (non-index) areasin 1998 and found only smal numbers of chum salmon (typicaly less
than 10 fish per stream) in Elochoman, Abernathy, Germany, St. Cloud, and Tanner creeks and in the
North Fork Lewis and the Washougd rivers. The State of Oregon does not conduct targeted surveys
S0 the current extent of chum salmon spawning on the Oregon side of the river isunknown. Kostow
(1995) cited reports of 23 spawning areas in Oregon tributaries but these are based on incidental
observations (pers. comm., K. Kostow, Fisheries Biologist, ODFW, Portland, Oregon, August 6,
1999).

In the Grays system, chum samon spawn in the maingtem from gpproximately one-haf mile upstream of
the West Fork downstream to the Covered Bridge, a distance of approximately four miles (WDF et d.
1992). Tributary spawning occursin the West Fork, Crazy Johnson, and Gorely creeks. The
higtoricd influence of hatchery fish in the Grays system is small compared to other ESUs. Hatchery-
cultured chum salmon from Willapa Bay (i.e., Pacific Coast chum salmon ESU) were transplanted into
the Chinook River (atributary to Baker Bay in the Columbia River estuary) during the late 1980s.
Initid returns from this transplant were close to a thousand fish per year and recent returns were
subgtantialy lower (<20 fish per year during 1997 and 1998). In 1998, WDFW decided that non-
native chum should be removed from the system and consequently, al Willgpa Bay chum saimon
returning to the Sea Resources Hatchery during 1999 were destroyed. The Sea Resources and Grays
River hatcheries are now used to culture CR chum salmon (collected from Gorley Creek) for
reintroduction into the Chinook River. Overal, the abundance of the Grays River population has
increased since the mid-1980s but appears to follow a cyclical pattern (McClure et d. 2000). The
population rate of growth is positive but the cyclica trend resultsin a high variability around the average
eslimate.

The Hardy and Hamilton creeks/lves Idand complex is located gpproximately 2.0 miles below
Bonneville Dam. Hamilton Sough once separated Hamilton I1dand from the Washington State
shoreline. Sometime before 1978, a dike was built across the dough, separating its upstream and
downstream ends (Corps 1978). The waterway that now appears to be the lower end of Hamilton
Creek is actudly the downstream end of the former dough; the mouth of Hamilton Creek proper

adjoins the remnant dough at its northern terminus. These large-scae landscape modificaions are likely
to have changed the hydraulics of the Hamilton SoughVlves Idand spawning area.

Escapements to Hamilton Creek have averaged less than 100 fish in recent years. The WDFW
recently completed a mgjor habitat development project in Hamilton Springs, a soring-fed tributary to
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Hamilton Creek. Chum salmon escapement to Hamilton Springs averaged 170 during the last three
years (1997 through 1999; Figure 8). Hardy Creek islocated just downstream of Hamilton Creek.
Annua escapements have ranged from 22 to 1,153 spawners over the last 10 years with ageneraly
increasing trend. Hardy Creek is now incorporated into the Pierce Nationd Wildlife Refuge and chum
samon have benefitted from recent (and ongoing) habitat improvement programs (a vehicle bridge over
Hardy Creek, cattle fencing, development of additiona spawning gravels).

The current upstream extent of spawning by CR chum salmon, and thus the effect of Bonneville Dam as
abarrier to migration, is unknown. Adult chum saimon are commonly thought to show little persstence
in surmounting river blockages and fals (63 FR 11775). The 10-year average (1989 through 1998)
count for the fish ladders a Bonneville Dam was 56 adults (T able 13), dthough this Satidtic is heavily
skewed by a count of 195 chum salmon in 1998 (J. Loch, WDFW, unpubl. data). The unusualy high
count was due to (1) an increase in the effort gpplied to interrogating the video tapes for observations
of chum samon and (2) unusudly high activity in the fish ladders a night, possibly related to unusud
temperature conditionsin Bonneville pool (pers. comm., J. Loch, WDFW, January 28, 2000). Without
the 1998 data, the nine-year average would be only 31 adult chum. The NMFS consders these data
on chum samon passage a Bonneville Dam extremdy important given the implications for spawning in
Bonneville poal (i.e.,, and for reservoir operations that may affect spawning habitat once these areas are
identified).

The NMFS has not proposed recovery levels for CR chum salmon but expects that thiswill be the
work of the recently convened Technica Recovery Team for the lower Columbia and upper Willamette
river ESUs. For the CR chum salmon ESU asawhole, CRI estimated an average population growth
rate (lambda) of 1.016 (McClure et a. 2000). The CRI aso estimated lambda and the risk of absolute
extinction for six subbasin populations, incorporating the proportion of spawners in the population that
were hatchery fish but assuming that hatchery fish do not reproduce. Lambda ranged from 0.855 for
the Hamilton Creek to 1.177 for Crazy Johnson Creek (Table 5). Therisk of absolute extinction
could not be estimated for any of the subbasin populations because data the data were index counts
and therefore not gppropriate for estimating population Sze.
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Figure 7. Minimum run size for Columbia River chum salmon, 1938 to 1998, calculated by summing
harvest, spawner surveys, and Bonneville Dam counts. Data from ODFW and WDFW (1999).
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Figure 8. Peak counts of adult chum in index spawning areas, 1967 through 1999 (WDFW, unpublished
data).
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Table 13. Chum salmon counted in the Bonneville Dam adult fish ladders (1989 through 1998) (Source:

J. Loch, WDFW, unpubl. data).

19891
1990*
1991 !
19922
19932
19942
19952
1996 2
19973

1998 4

Total Number

16

26

5

39

51

26

30

33

50

195

The following footnotes were provided by J. Loch, WDFW:
Only daytime videos available for November 1989 through 1991 (8 am. - 4 p.m.).
2 Wild steelhead were the target species recorded from nighttime videotapes by WDFW readers. Non-target

1

3

species (e.g., chum sailmon) were not always recorded.

Wild steelhead were again the target species but some non-target species may have been recorded. Note: data
for non-target species were not included in the Corps’ Annual Fish Passage reports.

1998 was the first year that the Corps contracted with the WDFW counting program to read videotapes for all
salmonids. Although wild steelhead remained the target species for the video count program, observations of
chums salmon, pink salmon, and chinook salmon were also tallied by the video reader. All countswere included

inthe Corps’ annual report.
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4. Sockeye Samon

Snake River Sockeye Samon

Higtorically, Snake River sockeye salmon were produced in the Stanley River subbasin of Idaho’s
Sdmon River, in Alturas, Pettit, Redfish, and Stanley lakes, and in the South Fork Samon River
subbasin in Warm Lake. Sockeye sdlmon may have been present in one or two other Stanley basin
lakes (Bjornn et d. 1968). Elsewhere in the Snake River basin, sockeye salmon were produced in Big
Payette Lake on the North Fork Payette River and in Walowa Lake on the Walowa River (Evermann
1895, Toner 1960, Bjornn et a. 1968, Fulton 1970).

The largest Sngle sockeye sdmon spawning areawas in the headwaters of the Payette River, where
75,000 were taken one year by asingle fishing operation in Big Payette Lake. However, access to
production areas in the Payette basin was diminated by construction of Black Canyon Dam in 1924.
During the 1980s, returns to headwaters of the Grand Ronde River in Oregon (Wadlowa Lake) were
estimated to have been at least 24,000 and 30,000 sockeye salmon (Cramer 1990), but access to the
Grand Ronde was diminated by construction of a dam on the outlet to Wallowa Lake in 1929. Access
to spawning areas in the upper Snake River basin was diminated in 1967 when fish were no longer
trapped and transported around the Hells Canyon dam complex. All of these dams were constructed
without fish passage facilities.

There are no reliable estimates of the number of sockeye salmon spawning in Redfish Lake at the turn
of the century. However, beginning in 1910, access to dl lakesin the Stanley basin was serioudy
reduced by the congtruction of Sunbeam Dam, 20 miles downstream from Redfish Lake Creek on the
maingem Salmon River. The origind adult fishway, constructed of wood, was ineffective a passing fish
over the dam (Kendall 1912). It was replaced with a concrete structure in 1920 but sockeye salmon
access was impeded until the dam was partiadly removed in 1934. Even after fish passage was restored
at Sunbeam Dam, sockeye sdmon were unable to use spawning areasin two of the lakesin the Stanley
basin. Welsh (1991) reported fish eradication projectsin Pettit Lake (treated with toxaphene in 1960)
and Stanley Lake (treated with Fish-Tox, amixture of rotenone and toxaphene, in 1954). Agricultura
water diversons cut off accessto most of the lakes. Bjornn et d. (1968) stated that, during the 1950s
and 1960s, Redfish Lake was probably the only lake in Idaho that was still used by sockeye salmon
each year for spawning and rearing and, a the time of listing under the ESA, sockeye sdmon were
produced naturdly only in Redfish Lake.

Escapement to the Snake River declined dramatically in the last severd decades. Adult counts at Ice
Harbor Dam declined from 3,170 in 1965 to zero in 1990 (ODFW and WDFW 1998). The Idaho
Department of Fish and Game counted adults a awelr in Redfish Lake Creek during 1954 through
1966; adult counts dropped from 4,361 in 1955 to fewer than 500 after 1957 (Bjornn et a. 1968). A
total of 16 wild sockeye salmon returned to Redfish Lake between 1991 and 1999 (Table 14). An
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additiona seven adults returned to the Sawtooth Hatchery during 1999; fin clips identified these adults
as second generation progeny of eight wild fish that returned to Redfish Lake in 1993, were captured,
and were brought into a captive broodstock program. These were the first expected returns. Progeny
from the same release group (May 1998, into the SAmon River below the Sawtooth Hatchery) are
expected to return through 2003.

The Snake River sockeye population currently conssts of less than 10 adults. Although numbers are
inadequate for a CRI-typerisk of extinction analys's, clearly therisk is very high.
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Table 14. Returns of Snake River sockeye salmon to Lower Granite Dam and to Redfish Lake, as
determined by dam count, trapping at Redfish Lake creek weir, and spawning ground surveys. Numbers
in italics (1999) represent fin-clipped adults, returning as progeny from the captive broodstock program..

LGR Adults at
Year Dam Count Redfish Lake
1985 35 12
1986 15 29
1987 29 16
1988 23 4
1989 2 1
1990 0 0
1991 8 4
1992 1 1
1993 12 8
1994 2 1
1995 4 0
1996 0 1
1997 2 0
1998 3 1
1999 16 7

70



Appendix A June 2000

LITERATURE CITED

Allen, R.L., and T.K. Meekin. 1973. An evauation of the Priest Rapids chinook salmon spawning
channdl, 1963-1971. Washington Department of Fisheries, Technica Report 11:1-52

Barnhart, RA. 1986. Species profiles: life histories and environmental requirements of coastal fishes
and invertebrates (Pacific Southwest)—steelhead. U.S. Fish and Wildlife Service, Biologica Report
82(11.60). 21 p.

Becker, D.C. 1970. Temperature, timing, and seaward migration of juvenile chinook samon from the
centra Columbia River. AEC Research and Development Report, Battelle Northwest Laboratories,
Richland, Washington. 21 p.

Behnke, R.J. 1992. Native trout of western North America. American Fisheries Society Monograph 6.
American Fisheries Society; Bethesda, Maryland. 275 p.

Bdl, M.C. 1986. Fisheries handbook of engineering requirements and biologica criteria. Army Corps
of Engineers. 290 p.

Bevan, D., J. Harville, P. Bergman, T. Bjornn, J. Crutchfidd, P. Klingeman, and J. Litchfield. 1994.
Snake River SAmon Recovery Team: fina recommendations to National Marine Fisheries Service.

Biologica Requirements Work Group (BRWG). 1994. Progress Report: Andytica methods for
determining requirements of listed Snake River saimon rdlative to surviva and recovery. Idaho et d. v.
NMFES et a., October 13, 1994.

Biologica Review Team (BRT). 1998. Status review update for West Coast Chinook Salmon
(Oncorhynchus tshawyscha) from Puget Sound, Lower Columbia River, Upper Willamette River, and
Upper Columbia River Spring-Run ESUs. Nationd Marine Fisheries Service, West Coast Chinook
Samon Biologica Review Team, Sesttle, Washington. 55 p.

Bjornn, T.C., D.R. Craddock and D.R. Corley. 1968. Migration and surviva of Redfish Lake, daho,
sockeye salmon, Oncor hynchus nerka. Transactions of the American Fisheries Society 97:360-373.

Botsford, L.W. and J.G. Brittinacher. 1998. Viability of Sacramento River
winter-run chinook salmon. Conservation Biology 12(1): 65-79.

Bugert, B. 1997. Draft — Mid-Columbia Mainstem Conservation Plan — Hatchery Program. October
3, 1997.

71



Appendix A June 2000

Bugert, R., P. LaRiviere, D. Marbach, S. Martin, L. Ross, and D. Geist. 1990. Lower Snake River
compensation plan sdlmon hatchery evauation program 1989 annua report. Report to the U.S. Fish
and Wildlife Service, Cooperative Agreement 14-16-0001-89525. 145 p.

Burgner, R.L. 1991. The life history of sockeye sdmon (Oncorhynchus nerka). In C. Groot and L.
Margolis (eds)), Life history of Pacific sdmon. University of British Columbia Press; Vancouver, British
Columbia

Burgner, R.L., JT. Light, L. Margolis, T. Okazaki, A. Tautz, and S. Ito. 1992. Distribution and origins
of steelhead trout (Oncor hynchus mykiss) in offshore waters of the North Pacific Ocean. Internationa
North Pecific Fish Commission. Bulletin 51. 92 p. Cited in Busby et d. (1996).

Busby, P.J., T.C. Wainwright, G.J. Bryant, L.J. Lierheimer, R.S. Waples, F.W. Waknitz, and |.V.
Lagomarsino. 1996. Status review of west coast steelhead from Washington, Idaho, Oregon, and
Cdifornia Nationd Marine Fisheries Service, NOAA, Seettle, Washington.

Cannamela, D.A. 1992. Potentid impacts of releases of hatchery steelhead trout "smolts' on wild and
natura juvenile chinook and sockeye sdmon. A white paper. 1daho Department of Fish and Game;
Boise, Idaho.

Chilcote, M.W. 1998. Conservation status of steelhead in Oregon. Oregon Department of Fish and
Wildlife, Portland, 108 p.

Cooney, T.D. 2000. Upper Columbia River steelhead and spring chinook salmon quantitative analysis
report. Part I: Run recongtructions and preliminary assessment of extinction risk. Technical review draft.
April 3, 2000. National Marine Fisheries Service, Portland, Oregon.

Cramer, S.P. 1990. The feashility for reintroducing sockeye and coho salmon in the Grande Ronde
River and coho and chum samon in the Wala Wala River. Progress report prepared for the Nez
Perce Tribe, Umatilla Confederated Tribes, Warm Springs Confederated Tribes, and Oregon
Department of Fish and Wildlife. S.P. Cramer and Associates. 132 p.

Everest, F.H. 1973. Ecology and management of summer steelhead in the Rogue River. Oregon State
Game Commission. Fisheries Research Report No. 7, Corvalis. Oregon. 48 p.

Evermann, B.W. 1895. A preiminary report upon sdmon investigationsin ldaho in 1894. U.S. Fish
Commission, Bulletin 15:253-284.

Fish, F.F. and M.G. Hanavan. 1948. A report on the Grand Coulee Fish Maintenance Project 1939-
1947. U.S. Fish and Wildlife Service Specid Scientific Report 55.

72



Appendix A June 2000

Fish Passage Center. 1998. Adult salmon passage counts. Fish Passage Center Internet Webste.
http: www.fpc.org/adlthist/prdadult.htm; December 16, 1998.

Ford, M., P. Budy, C. Busack, D. Chapman, T. Cooney, T. Fisher, J. Geissdlman, T. Hillman, J. Lukas,
C. Peven, C. Toole, E. Weber, P. Wilson. 1999. Upper Columbia River steelhead and spring chinook
sdmon population structure and biologica requirements. Draft report prepared by the Upper Columba
River Stedlhead and Spring Chinook Saimon Biologica Requirements Committee. November 23,
1999.

Fulton, L.A. 1968. Spawning areas and abundance of chinook salmon, Oncorhynchus tshawytscha,
in the Columbia River Basin — past and present. U.S. Fish and Wildlife Service, Specid Scientific
Report — Fisheries 571:26.

Fulton, L.A. 1970. Spawning areas and abundance of steelhead trout and coho, sockeye, and chum
sdmon in the Columbia River basin — past and present. Special Scientific Report — Fisheries 618. 37 p.

Giger, R.D. 1973. Streamflow requirements of sdlmonids. Oregon Wildlife Commission. Job Fina
Report, Project AFS-62-1, Portland. Cited in Bjornn and Reiser (1991).

Gilbert, C.H. 1912. Age at maturity of Pacific coast sdmon of the genus Oncorhynchus. Bulletin of
the U.S. Fish Commission 32:57-70.

Hall-Griswold, JA., and C.E. Petrosky. 1998. Idaho habitat/natura production monitoring, Part |,
Genera monitoring subproject Annua Report 1996. Project 91-73. Department of Energy, Bonneville
Power Adminigration. Divison of Fish and Wildlife. 80 p.

Harlan, K. 1999. Washington Columbia River and tributary stream survey sampling results, 1997.
Columbia River Progress Report 99-09. Washington Department of Fish and Wildlife. 8 p.

Hart, J.L. 1973. Pacific Fisheries of Canada. Fisheries Research Board of Canada, Ottawa. pp. 199-
221.

Hartt, A.C. and M.B. Ddll. 1986. Early oceanic migrations and growth of juvenile Pacific saimon and
sedhead trout. International North Pacific Fisheries Commission Bulletin 46:1-105. Cited in
Nickelson et d. (1992).

Healey, M.C. 1983. Coastwide distribution and ocean migration patterns of stream- and ocean-type
chinook salmon, Oncor hynchus tshawytscha. Canadian Field-Naturalist 97:427-433.

Hedey, M.C. 1986. Optimum size and age a maturity in Pacific sdmon and effects of Sze-sdlective

73



Appendix A June 2000

fisheries. Canadian Specia Publications, Fisheries and Aquatic Sciences 89:39-52.

Hedey, M.C. 1991. Thelife history of chinook salmon (Oncorhynchus tshawytscha). In C. Groot
and L. Margalis (eds)), Life higtory of Pecific Sdmon. University of British Columbia Press.
Vancouver, B.C.

Howsdll, P., K. Jones, D. Scarnecchia, L. LaVoy, W. Knedra, and D. Orrmann. 1985. Stock
assessment of Columbia River anadromous sdmonids. Val. 1., U.S. Dept. of Energy, Bonneville Power
Adminigtration. Project No. 83-335. 558 p.

Howell, P., J. Hutchison, and r. Hooton. 1988. McKenzie subbasin fish management plan. Oregon
Department of Fish and Wildlife, Portland, Oregon.

Hymer, J,, R. Petit, M. Wastdl, P. Hahn, and K. Hatch. 1992. Stock summary report fro Columbia
River anadromous salmonids. Val. I11: Washington subbasins below McNary Dam. Bonneville Power
Adminigtration, Portland, Oregon. Project No. 88-108. 1077 p.

Jackson, P.L. 1993. Climate. In P.L. Jackson and A.J. Kimerling (editors), Atlas of the Pacific
Northwest, p. 48-57. Oregon State University Press, Corvalis, Oregon.

Kostow, K. 1995. Biennid report on the status of wild fish in Oregon. Oregon Department of Fish and
Wildlife Report, 217 p. + appendices.

Lichatowich, JA., L.G. Gilbertson, and L.E. Mobrand. 1993. A concise summary of Snake River
chinook production. Prepared for the Snake River Salmon Recovery Team by Mobrand Biometrics,
Inc., Vashon Idand, Washington.

Lindsay, R.B., R.K. Schroeder, and K.R. Kenaston. 1998. Spring chinook salmon in the Willamette
and Sandy rivers. Oregon Department of Fish and Wildlife, Annua Progress Report F-163-R-03.
Oregon Department of Fish and Wildlife.

Marmorek, D.R., C.N. Peters, and |. Parnell (eds). 1998. Plan for Analyzing and Testing Hypotheses
(PATH) Fina Report for Fiscd Year 1998. ESSA Technologies Ltd., Vancouver, B.C. 263 p.

Marshdl, A.R., C. Smith, R. Brix, W. Dammers, J. Hymer, and L. LaVoy. 1995. Genetic diversity
units and mgor ancedtrd lineages for chinook salmon in Washington. In C. Busack and J. B. Shaklee
(eds), Genetic divergty units and mgor ancestrd lineages of sdmonid fishesin Washington, p.
111-173. Washington Department of Fisheries and Wildlife Technical Report RAD 95-02.

Mattson, C.R. 1962. Early life history of Willamette River spring chinook sdmon. Fish Commission of

74



Appendix A June 2000

Oregon. Clackamas, Oregon.

Matthews, G.M., and R.S. Waples. 1991. Status Review for Snake River spring and summer chinook
salmon. U.S. Dept. of Commerce, NOAA Technical Memorandum, NMFS F/NWC-200.

McClure, M.M., et al. A sandardized quantitative analyss of risks faced by sdmonidsin the Columbia
River basin. Nationa Marine Fisheries Service, Northwest Fisheries Science Center, Cumulative Risk
Initiative, Seettle, Washington. 125 p.

McElhaney, P., M. Ruckdshaus, M.J. Ford, T. Wainwright, and E. Bjorkstedt. 2000. Viable Samonid
Populations and the recovery of Evolutionarily Significant Units. Draft report dated January 6, 2000.
Nationa Marine Fisheries Service, Northwest Fisheries Science Center, Sesttle, Washington. 170 p.

McPhail, JD., and C.C. Lindsey. 1970. Freshwater fishes of Northwestern Canada and Alaska.
Bulletin of the Fisheries Research Board of Canada 173:381.

Medy, SP.. 1997. Letter regarding the State of 1daho’s comments on the proposed listing of Snake
River steelhead for protection under the federal Endangered Species Act. February 11, 1997. 1 p. +
enclosure

Meehan, W.R. and T.C. Bjornn. 1991. Salmonid distributions and life histories, pp. 47-82. In W.R.
Meehan (ed.), Influences of forest and rangeland management on salmonid fishes and their habitats.
American Fisheries Society Specid Publications 19. Bethesda, Maryland. 751 p.

Miller, R.J.,, and E.L. Brannon. 1982. The origin and development of life-history patternsin Pecific
sdmon. In E.L. Brannon and E.O. Salo (eds.), Proceedings of the salmon and trout migratory behavior
symposium. Univeraty of Washington Press, Sesttle, Washington.

Mullan, JW., A. Rockhold, and C.R. Chrisman. 1992a. Life histories and precocity of chinook sdmon
in the mid-Columbia River. Progressive Fish-Culturist 54:25-28.

Mullan, JW., K.R. Williams, G. Rhodus, T.W. Hillman, and J.D. Mclntyre. 1992b. Production and
habitat of saimonidsin mid-Columbia River tributary streams. Monograph |, U.S. Fish and Wildlife
Service. 489 p.

Myers and 10 co-authors. 1998. Status review of chinook salmon from Washington, Idaho, Oregon,
and Cdlifornia. U.S. Dept. of Commerce, NOAA Tech Memo. NMFS-NWFSC-35. 443 p.

Nationa Marine Fisheries Service (NMFS). 1991a Factors for decline. A supplement to the notice of
determination for Snake River spring/summer chinook salmon under the Endangered Species Act.

75



Appendix A June 2000

Nationa Marine Fisheries Service, Protected Resources Division, Portland, Oregon. 72 p.

Nationa Marine Fisheries Service (NMFS). 1991b. Factors for decline. A supplement to the notice of
determination for Snake River fal chinook sdmon under the Endangered Species Act. June 1991.
National Marine Fisheries Service, Protected Resources Divison, Portland, Oregon. 55 p.

Nationa Marine Fisheries Service (NMFS). 1995. Proposed Recovery Plan for Snake River saimon.
National Marine Fisheries Service, Portland, Oregon. 364 p. + appendices

Nationd Marine Fisheries Service (NMFS). 1999a. Biologica opinion and incidenta take statement on
1999 Treaty Indian and Non-Indian Fall Season Fisheries in the Columbia River basin. Endangered
Species Act Section 7 consultation. July 30, 1999.

Nationa Marine Fisheries Service (NMFS). 1999b. Biological opinion on artificid propagation in the
Columbia River basin —incidentd take of listed sdimon and steelhead from Federal and non-Federd
hatchery programs that collect, rear, and release unlisted fish species. Endangered Species Act Section
7 consultation. March 29, 1999.

McClure, M., B. Sanderson, E. Holmes, C. Jordan, P. Kareiva, and P. Levin. 2000. A standardized
quantitative analyss of the risks faced by sdmonids in the Columbia River basin. Draft Report dated
April 7, 2000. Nationd Marine Fisheries Service, Northwest Fisheries Science Center, Cumulative
Risk Initiative, Seattle, Washington. 125 pp. + appendices

Nicholas, J. 1995. Status of Willamette spring-run chinook salmon relative to Federd Endangered
Species Act. Report to the National Marine Fisheries Service. Oregon Department of Fish and
Wildlife. 44 p.

Nicholas, JW. and D.G. Hankin. 1988. Chinook salmon populations in Oregon coastd river basin:
description of life histories and assessment of recent trendsin run strengths. Oregon Department of Fish
and Wildlife Information Report 88-1. 359 p.

Nickelson, T.E., JW. Nicholas, A.M. McGie, R.B. Lindsay, D.L. Bottom, R.J. Kaiser, and S.E.
Jacobs. 1992. Status of anadromous salmonidsin Oregon coastal basins. Oregon Department of Fish
and Wildlife, Research and Development Section, Corvallis, and Ocean Salmon Management,
Newport, Oregon. 83 p.

Olsen, E., P. Pierce, M. McLean, and K. Hatch. 1992. Stock summary reports for Columbia River

anadromous samonids. Volume 1: Oregon. U.S. Department of Energy, Bonneville Power
Administration, Portland, Oregon. Project No. 88-108.

76



Appendix A June 2000

Oregon Department of Fish and Wildlife (ODFW). 1998. Spring chinook chapters - Willamette basin
fish management plan. Oregon Department of Fish and Wildlife. March 1998. 39 p.

Oregon Department of Fish and Wildlife (ODFW). 1998a. Oregon wild fish management policy.
Oregon Department of Fish and Wildlife.

Oregon Department of Fish and Wildlife (ODFW). 1998b. Briefing paper - Lower Columbia River
chinook ESU. October 13, 1998. 7 p.

Oregon Department of Fish and Wildlife and Washington Department of Fisheries and Wildlife
(ODFW and WDFW). 1999. Status report, Columbia River fish runs and fisheries, 1938-1998.
Oregon Department of Fish and Wildlife, Clackamas, Oregon. 303 p.

Pecific Fishery Management Council (PFMC). 1996. Review of the 1995 ocean salmon fisheries.
Pecific Fishery Management Council, Portland, Oregon. 115 p. + appendix

Pecific Fishery Management Council (PFMC) Sdmon Technicd Team and Staff Economist. 2000.
Preseason Report 1. Analysis of proposed regulatory options for 2000 ocean samon fisheries. Pacific
Fishery Management Council, Portland, Oregon. 23 p.

Pearcy, W.G. 1992. Ocean ecology of North Pacific sdmonids. University of Washington Press,
Sesttle, Washington. 179 p.

Pearcy, W.G., R.D. Brodeur, and J.P. Fisher. 1990. Distribution and biology of juvenile cutthroat
Oncorhynchus clarki clarki and steelhead O. mykiss in coasta waters off Oregon and Washington.
Fisheries Bulletin 88(4):697-711.

Perry, CA. and T.C. Bjornn. 1991. Examination of the extent and factors affecting downstream
emigration of chinook salmon fry from spawning grounds in the upper Smon River. Unpublished
report, |daho Cooperative Fish and Wildlife Research Unit, University of Idaho, Moscow.

Peters, C.N., D.R. Marmorek, and |. Parndll (eds). 1999. PATH Decision anaysis report for Snake
River fdl chinook. ESSA Technologies Ltd., Vancouver, B.C. 332 p.

Pettit, R. 1998. Escapement estimates for spring chinook in Washington tributaries below Bonneville
Dam, 1980-1998. WDFW Columbia River Progress Report 98-13. 3 p. + tables

Phelps, SR., SA. Leider, P.L. Hulett, B.M. Baker, and T. Johnson. 1997. Genetic analyses of
Washington stedlhead: preliminary results incorporating 36 new collections from 1995 and 1996.
Washington Department of Fish and Wildlife. February 1997.

77



Appendix A June 2000

Pitcher, T.J. 1986. Functions of shoding in tdleosts. In: Fisher, T.J. (ed.), The behavior of teleost fishes,
p. 294-337. Johns Hopkins Univ. Press, Baltimore, Maryland.

Randdl, R.G., M.C. Hedey, and J.B. Dempson. 1987. Variability in length of freshwater residence of
salmon, trout, and char. In Dodswell, M.J,, et d. (eds.), Common strategies of anadromous and
catadromous fishes. American Fisheries Society Symposia ??? 1:27-41.

Reimers, P.E., and R.E. Loeffd. 1967. The length of resdence of juvenile fal chinook sdmon in
selected Columbia River tributaries. Fish Commission of Oregon 13:5-19

Ricker, W.E. 1972. Hereditary and environmentd factors affecting certain sdmonid populations. In
R.C. Smon and P.A. Larkin (eds.), The stock concept in Pacific sdmon. MacMillan Lecturesin
Fisheries, Univergity of British Columbia, Vancouver, B.C.

Sdo, E.O. 1991. Life history of chum salmon, Oncor hynchus keta. In Groot, C. and L. Margolis
(eds), Pacific sdlmon life histories, p. 231-309. University of British Columbia Press, Vancouver, B.C.

Schroeder, RK., K.R. Kenaston, and R.B. Lindsay. 1999. Spring chinook salmon in the Willamette
and Sandy Rivers. Annua Progress Report, F-163-R-04. Oregon Department of Fish and Wildlife. 31

p.

Speaks, S. 2000. Biologica assessment of incidental impacts on sdlmon species listed under the
Endangered Species Act in treaty Indian maingem and tributary fisheries in the Columbia River Basin
between January 1 and July 31, 2000. see B12

Taylor, E.B. 1991. A review of loca adaptation in SAmonidae, with particular reference to Pecific and
Atlantic sdlmon. Aquaculture 98:185-207.

Technica Advisory Committee (TAC). 1997. 1996 All species review —summer stedhead: Columbia
River Fish Management Plan. August 4, 1997. 17 p. + tables (tables 8-11 updated)

Technica Advisory Committee (TAC). 1999. May 4-5, 1999 TAC meeting minutes. 7 p.

Toner, R.C. 1960. A study of some of the factors associated with the reestablishment of blueback
sdmon (Oncor hynchus nerka) into the upper Wdlowa River system, Appendix A. In Thompson,
R.N. and JB. Haas (eds.), Environmenta survey report pertaining to sdimon and steelhead in certain
rivers of eastern Oregon and the Willamette River and its tributaries. Part 1. Survey reports of eastern
Oregon rivers.

U.S. Army Corps of Engineers (Corps). 1978. Bonneville lock and dam, Oregon and Washington,

78



Appendix A June 2000

Feasbility Report and Hydraulic Modd Studies. U.S. Army Corps of Engineers, Portland Didtrict,
Portland, Oregon.

U.S. Army Corps of Engineers (Corps). 2000. Biologica assessment of the effects of the Willamette
River basin flood control project on species listed under the Endangered Species Act. April 2000.
U.S. Army Corps of Engineers, Portland District, Portland, Oregon. 800 p. + appendices

Utter, F., G. Milner, G. Stahl, and D. Ted. 1989. Genetic population structure of chinook salmon
(Oncorhynchus tshawytscha), in the Pacific Northwest. Fisheries Bulletin 87:239-264.

Waples, R.S., O.W. Johnson, and R.P. Jones Jr. 1991a. Status review for Snake River sockeye
salmon. U.S. Dept. of Commerce, NOAA Tech Memo. NMFS F/NWC-195. 23 p.

Waples, R.S,, R.P. Jones, B.R. Beckman, and G.A. Swan. 1991b. Status review for Snake River fdl
chinook salmon. U.S. Dept. of Commerce, NOAA Tech Memo. NMFS F/NWC-201. 73 p.

Waples, R.S., O.W. Johnson, P.B. Aebersold, C.K. Shiflett, D.M. VanDoornik, D.J. Ted, and A. E.
Cook. 1993. A genetic monitoring and evauation program for supplemented populations of salmon and
gedhead in the Snake River Basin. Annuad Report of Research, Bonneville Power Administration,
Portland, Oregon. 179 p.

Washington Department of Fisheries (WDF), Washington Department of Wildlife (WDW), and
Western Washington Treaty Indian Tribes (WWTIT). 1992. 1992 Washington State sdmon and
steelhead stock inventory (SASSI) — Appendix Three, Columbia River stocks. Washington
Department of Fisheries, Information and Education Divison, Olympia, Washington. 580 p.

Washington Department of Fisheries (WDF), Washington Department of Wildlife (WDW), and
Western Washington Treaty Indian Tribes (WWTIT). 1993. 1992 Washington State sdmon and
stedhead stock inventory (SASS]). Washington Department of Fisheries, Information and Education
Divison, Olympia, Washington. 212 pp. + 5 regiond volumes

Washington Department of Fisheries (WDF). 1951. Planning Reports. Lower Columbia River Fisheries
Development Program. Preliminary draft, August 1951. 211 p. + gppendices

Washington Department of Fisheries and Wildlife (WDFW). 1997. Prliminary stock status update for
steelhead in the Lower Columbia. 28 p.

Wedsh, T.L. 1991. Stanley Basin sockeye salmon lakes, upper Smon River drainage, 1daho.
Unpublished report to the University of 1daho Aquaculture Indtitute. 19 p.

79



Appendix A June 2000

Withler, 1.L. 1966. Variability in life hisory characteristics of steelhead trout (Salmo gairdneri) dong
the Pacific coast of North America Journal of the Fisheries Research Board of Canada 23:365-393. In
Busby et a. (1996).

80



Appendix B

January 25, 2000

HATCHERY JEOPARDY STANDARD

1. INTRODUCTION

Federd agencies are required to consult with NMFS to ensure that actions they authorize, fund, permit,
or carry out are not likely to jeopardize the continued existence of listed species or result in the
destruction or adverse modification of critical habitat. This Jeopardy Standard has been developed to
guide NMFS-NWR biologists in the assessment of hatchery programs for their effects on ESA-listed
anadromous fish. The Standard is to be gpplied when determining the conclusions of a Biologica
Opinion under a section 7 consultation; that an action is either likely to jeopardize, or isnot likely to
jeopardize.

A. DEFINITION OF JEOPARDY

Jeopardy - to engage in an action that reasonably would be expected, directly or indirectly, to reduce
appreciably the likelihood of both the survival and recovery of alisted speciesin the wild by reducing
the reproduction, numbers, or digtribution of that species.

Appreciable - capable of being readily perceived or estimated; consderable.

Survival - the condition in which a gpecies continues to exist into the future while retaining the potentia
or reslience to alow recovery.

Recovery - improvement in the Satus of listed speciesto the point a which listing is no longer
gppropriate under the criteria set out in section 4(Q)(1) fo the Act. The process by which sdf-sustaining
and sdlf-regulating populations of alisted species are restored to become persistent members of their
native biotic communities

B. QUALITATIVEVS QUANTITATIVE ASSESSMENT

Artificid propagation isuniquein that it can be one of the factors leading to the listing of apecies as
well as being one of the primary recovery tools (in certain circumstances) used to help rebuild severely
depressad naturd populations. There is subgtantid information available in the scientific literature that
discusses likely mechaniams of interaction and possible adverse effects between hatchery produced fish
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and fish produced in their natural ecosystems. However, while these effects to naturally produced
populations can be quditatively discussed , we can not quantify or measure the effects (with few
exceptions). Thisinability to quantify or measure impacts associated with artificia propagation is due to
the complex biology of sdmon, the multitude of other actions (environmenta variation and man-caused)
that are smultaneoudy affecting the naturd populations, and the lack of sufficient funding (or
technology) to conduct the necessary studies required to measure effects accurately. Theresultisa
generd inability to isolate most effects of artificia propagation from the multitude of other effects. Asa
consequence, the jeopardy andysis must be based substantially on a quditative assessment that
attempts to define the relative level of expected impactsto alisted species. This assessment must of
course, be conducted conservatively in relation to the status of the listed population with the burden of
proof resting clearly on the hatchery operations where pecies surviva and recovery is most in question.

Hatchery activities are assessed biologicaly as they may affect the abundance, productivity, population
sructure, and genetic diversity of alisted species. Also, hatchery activities must be assessed relative to
the effects the production of hatchery fish has on harvesting regimes; whether the intended pursuit of
hatchery fish in mixed-stock fisheries has adverse effects on the naturaly produced fish. Secondarily,
the production of hatchery fish must aso be assessed for any masking effects these fish might have
confounding the ability to adequately and effectively monitor the status of naturaly produced fish and
the hedlth of their critical habitat in sustaining natural populations.

C. VARIATION AND EFFECTS OF OTHER H'S

In consdering the red or potentia effects of hatchery operations, one has to weigh the likely impact of
these effects on the survival and recovery of the listed species within the context of the other factors of
decline and naturd variation. Thisis particularly important when consdering the option of tranditioning
from the current operation to areformed practice (see below). The rate of reform of a hatchery should,
in part, be based on whether the action would be expected to appreciably reduce the risk of hazardsto
the listed species, potentidly improving the status of the species. If the speciesis at or near its critical
population level even small increments of improvements to the species surviva and recovery are
important and meaningful.

2. POPULATION PARAMETERS OF CONCERN

Hatchery program effects on the following parameters must be assessed at the individua population
leve (within aliged ESU). Thisfocus on individud populationsis essentid because surviva and
recovery of an ESU depends on the viability of its component populations. It is aso important to
asess hatchery effects on these population parameters a the overdl ESU level. However, this ESU-
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wide assessment will recognize that, in many cases, not dl identified populations within an ESU need to
be fully viable and recovered for the ESU to be hedthy. Recovery planning processes currently in
formation will be used to determine which natural populations within an ESA-lised ESU are essentid
for the surviva and recovery of the ESU. ESU-wide assessment of cumulative population effects will
be based on these determinations. In the interim, each naturaly producing population within an ESU
will be assumed essentid for survival and recovery of the ESU unless otherwise determined during
recovery planning. Prior to completion of recovery planning, greater hatchery risks for agiven
population could be considered as not jeopardizing the ESU if a clear case can be demonstrated that
the population is not essentia to surviva and recovery of the ESU.

A. ABUNDANCE

Hatchery operations must not reduce populations that are at, or below, critical population size.
Populations are at criticd levels when 1) productivity variation due to demographic sochadticity
becomes a substantia source of risk, 2) they cannot avoid short-term effects of inbreeding depression,
or 3) depensatory processes may further reduce population productivity. Absent other, better
information, critical population size for smal populations should be consdered to be 150 fish per
generation. For larger populations, critica population size should be 300 fish per generaion (PATH ?).

Hatchery operations must alow populations above their viable population size to remain there.
Populations are viable when they 1) can survive environmental variations of magnitudes observed in the
past, 2) are above levels where depensatory processes are likely to be important, and 3) should be
able to maintain their genetic divergity over the long-term

Hatchery operations must not gppreciably dow an increasing population from ataining its viable
population size.

B. PRODUCTIVITY

For populations at or below their critical population size, any existing, loca hatchery operation must
operate to contribute to population rebuilding and/or not reduce the surviva or productivity of the
remaining naturaly spawned fish through predation, competition, broodstock collection, or disease
transfer.

Hatchery operations must dlow naturd populations above their viable population size to remain sdf-
sudtaining at levels above their vidble level. The hatchery population must not become an increasing
proportion of the naturadly spawning population when it isa or aboveitsviadle leve.
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Hatchery operations must not subgtantidly dter the traits of the naturally spawned population that may
bear upon productivity, including run timing, age structure, fish sze, fecundity, morphology, and
behavior.

Generaly when productivity rate (as measured by SR ratio), over time, is grester than 1, then
rebuilding is occurring and additiona protections from potentid adverse hatchery effects may not be
warranted. When S:R =1 over time, then the population is generdly at agtable level whichis
acceptable if above the viable population size. If the population numbers are below the viable
threshold, then additional measures to improve productivity must be consdered. And findly if SR< 1
over time, the population is declining and more protections are necessary, particularly if the population
isnearing or below the critica threshold.

C. POPULATION SPATIAL STRUCTURE

Hatchery operations must not materidly effect the spatid distribution of the associated natura
population. When anaturdly spawning population is a or near its viable population leve, hatchery
broodstock must reflect the population spatia structure into which the hatchery fish are dlowed to
dray, either purpossfully or inadvertently, within the boundaries of a given population. Hatchery fish
must not be taken from within one spatia or tempora portion of a population and then purposefully
planted or dlowed to stray into other portions of the population at greater-than-natural stray rates.

D. GENETIC DIVERSITY

Hatchery operations will be assessed to determine the effects on genetic diversity of the natura
population. 1n generd, those hatchery programs with broodstock derived from locd populations and
continually infused with naturally produced fish are believed to have less negetive effect on the naturd
population.

Hatchery operations must not substantidly ater the traits of the naturaly spawned population, including
run timing, age structure, Sze, fecundity, morphology, and behavior. Hatchery practices that would be
expected to substantidly dter genetic characterigtics of the naturaly produced populations must be
avoided.

Hatchery operations must not substantiadly dter the rate of gene flow among populations. Between
ESUs, hatchery stray rates should be managed such that less than 5% of anaturdly spawning
population consigts of hatchery fish from another ESU.

Within an ESU, hatchery stray rates must be managed such that not more than 5% - 30% of the
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naturaly spawning population consigts of hatchery fish derived from within the ESU. Within this range,
Sray rates should be managed based on smilarity of the hatchery population to the receiving natura
population. For example, if the hatchery population is derived from the receiving naturd population and
getsregular infusion of naturd fish in its broodstock, then strays rates can be a the higher end of this
range (athough lower rates are preferred). Conversdly, if the hatchery population is derived from a
population other than the receiving population, then strays should be managed to the lower end of the
range. Also, if the hatchery population is derived from the receiving natura population, but has been
isolated, without regular infusion of naturd fish into the broodstock, then it must be managed to the
lower end of the 5% - 30% range. Monitoring and evauation, including significant marking of each
hatchery release group, must be implemented and maintained.

Hatchery programs implemented for the specific purpose of enhancing the listed, naturdly spawning
population may by their very design, provide for agreater proportion of hatchery fish in the naturaly
spawning population to reduce the demographic risks of extinction. The desired proportion of hatchery
fish in the spawning population must be specificaly detailed in the associated HGMP for such a
program. In practice this proportion (or range) may be varied to experiment with different approaches.

3. STAGES OF HATCHERY REFORM
A. HOLD THE LINE

Firgt and foremosgt, al current hatchery programs affecting listed fish must be operated to ensure that
actual or potentiad adverse effects to listed populations (previoudy described) are not dlowed to
worsen.

B. REMOVE EGREGIOUS PRACTICES

Secondly, those high risk hatchery practices that are of a magnitude and gpparent in their likely adverse
affect on the surviva and recovery of alisted population must be immediately corrected, reformed, or
ended. These are practices that have and are expected to continue to hinder the survival and recovery
of the species as determined by their adverse effects on the population parameters (discussed in #2
above) . The urgency of the reform action is dependent on the scale of the effect relative to agiven
population and the overal ESU, and on the status of the population relative to its critica or viable
datus.

C. CONSISTENCY OR TRANSITION TO CONSISTENCY

Many redl or potentia effects of hatcheries may be portrayed, and become problematic, over longer
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time periods, but are less Sgnificant or inggnificant in any given year or short-term period. Additiondly,
many reforms of hatcheries can not be undertaken promptly due to factors such as the lack of
immediate funds or available broodstock of the appropriate lineage. In certain cases, hatchery
practices that are inconsistent with survival and recovery in the long-term can be reformed trangtionaly
without jeopardizing the long-term surviva and recovery of the species. Alterationsto bring a hatchery
into full ESA compliance can be made over ashort period, if a clear objective is Sated, thetime frame
for trangtioning is clearly described, and actions implementing the objectives do not jeopardize species
surviva and recovery (reative to the 4 population parametersin #2). Actions consstent with this
trangition will then be monitored for progress toward the “no jeopardy” date.

4. FACTORS TO CONSIDER IN ANALY SES OF HATCHERY EFFECTS

The following factors need to be consdered in the context of how they affect the 4 population
parameters discussed in #2.

A IMPACTS TO HABITAT

1 CONSTRUCTION IMPACTS: Construction activities associated with
hatchery actions tend to be localized and not widespread. Thereis, however,
opportunity to have a significant adverse effect if the activity blocks fish passage
in a stream reach or resultsin high sediment load in the stream, particularly
during spawning and egg incubation periods. Condruction plans must have
measures to avoid these effects and contingency plans for unanticipated
repercussions.

2. WATER WITHDRAWALS: Hatchery water withdrawals must not de-water a
stream reach such that fish migration is blocked or significantly delayed.
Juvenile rearing habitat and adult spawning habitat must not be sgnificantly
reduced. Hatchery intakes may need to be screened to comply with NMFS
screening criteria. Any long-term reduction in habitat of listed species caused
by hatchery operations must be evauated within the context of available critica
habitat for the population and the ESU, and the relationship of that habitat to
the surviva and recovery of the species.

3. EFFLUENT/RETURN FLOWS: Hatchery effluents must be monitored to
assure compliance with the Nationd Pollution Discharge Elimination System
Permit. Monitoring of water qudity parameters should include changesin
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B.

temperature, pH, suspended solids, ammonia, organic nitrogen, total
phosphorus, and chemica oxygen demand. Additiondly, the discharge of
disease pathogens from the hatchery must be carefully considered. Water
qudity and hatchery fish health must be monitored on aregular basis.

BROODSTOCK COLLECTION: The effects of broodstock collection must be
consdered for itsimpacts on the listed species. Issues to be evauated include
blockage, delay, or injury caused by collection methods employed (e.g. welrs, traps,
seines, hook and line). Weirs must aso be evauated for any effects on spawning
digtribution of ligted fish, whether they influence adults to spawn in lower qudity habitat.
Any collection methods used must be evaluated for effects to non-targeted populations.
Also if broodstock is collected by volunteer returnsto a hatchery ladder or trap, effects
of any unintended collection of listed fish, and their disposition, must be considered.

HATCHERY MAINTENANCE: Liged fish retained for a hatchery program must be
adequately safeguarded during holding and propagation from catastrophic loss through
pump failure, dewatering, flow shut-off, avian and mamma predation, poaching, and
flooding. Idedly, facilities retaining listed fish must be saffed full time, and equipped
with an darm system (e.g. low flow aarm) and back-up generators to respond to
power loss events. Hatchery staff must be adequately trained in fish hedth
maintenance, sanitation, and fish cultura practicesto decrease therisk of fish loss.

ECOLOGICAL EFFECTS

1 PREDATION: Reease of hatchery fish must occur at times, locations, Sizes,
degree of amaltification, and/or in numbers such that predation on naturaly
produced fish is avoided or rendered insgnificant.

2. COMPETITION: Release of hatchery fish must occur at times, locations, Sizes,
degree of amaltification, and/or numbers such that competition for potentialy
limiting food supplies or habitat spaceis minimized. Congderation must be
given to the specific freshwater rearing habitat, and in a cumulative context to
the migration corridor, and estuarine/near ocean habitats.

3. DISEASE TRANSFER: All hatchery programs that may potentidly effect listed
fish must be conducted in a manner thet is consistent with Pacific Northwest
Fish Hedth Protection Committee (PNFHPC 1989). These guiddines define
rearing, sanitation, and fish health practices that minimize the incidence of
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disease outbresks in propagated populations, thereby decreasing the risk of fish
pathogen transmission to co-occurring wild populations. All hatchery-origin fish
must be ingpected by fish pathologists or fish hedlth specidigs to certify their
disease gatus and hedth condition prior to liberation. The release of viable,
hedthy hatchery fish is promoted through compliance with these fish hedth
maintenance guidelines. Release of hatchery fish with infectious disease that
could be transmitted to listed species must be avoided.

RESIDUALISM: Hatchery steelhead must be released in a physiologica date
that minimizes their resdudism. Too many resdudized steehead can be
sgnificant and sustained adverse factors of predation and competition for
natura populations.

ESTUARINE/OCEAN EFFECTS. Cumulatively, hatchery releases may
overwhelm estuarine and near ocean habitats when natura conditions are a low
levels of productivity making these criticd habitats |less suitable for the growth
and survivd of naturdly produced fish. Overdl hatchery release numbers may
need to be limited to avoid potentia reductionsin the surviva, Sze, or fecundity
of naturaly produced fish. Given the large growth in juvenile hatchery fish
production over the last several decades, and increasing indications of limits on
sdmon surviva that may be posed by natura ocean productivity cycles, acap
on overdl hatchery releases may be gppropriate until better knowledge exists
about the cumulative effects of hatchery fish releases on the surviva and
recovery of naturaly produced populations.

E GENETIC EFFECTS

1.

WITHIN POPULATION VARIABILITY: Diversity within a population may
be dtered or logt through: intentiond or artificia selection for a desired trait
(e.g. adult fish 9ze); or, through non-random or inadequate sampling of
broodstock removed from the naturad environment for use in a hatchery
program (artificid sdection). Within population diversity may also be dtered or
logt through unintentiona or natural sdlection that may occur when the
population isin the hatchery, causing selection for hatchery production traits
that reduce the fitness of the population for the natura environment
(domestication selection) (Campton 1995; Waples 1999). Domestication
selection includes genetic change in a population through temporary relaxation
during the culture phase of sdection that otherwise would occur in the wild
(Waples 1999). Inbreeding, or the sdlection for traits through hatchery
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practices, may limit the potential of a salmonid population to adapt to new
environmental conditions, thereby reducing its capacity to buffer the tota
productivity of the resource againgt periodic or unpredictable changes (Cuenco
et a. (1993) quoting Riggs 1990).

To minimize levels of inbreeding and/or selection for characteristics that are
divergent from the natural population, the duration of supplementation programs
should be limited, in most cases, to a maximum of three sdlmon generations
(approximately12 years) to minimize the likelihood for divergence between
hatchery broodstocks and target natural stocks. A three generation limit for the
duration of a program isintended to address the concern that repeated
enhancement of the same population segment will result in adecreasein
effective population size. It dso limitsto afew generations, the exposure of
naturd fish to the potentialy deleterious selective effects of hatchery conditions.
It is recognized, however, that if habitat isnot properly functioning after the 3
generaions, continuation of supplementation might be required.  In addition,
adults used for broodstock must be collected so that they represent, to the
extent feasible, an unbiased sample of the naturdly spawning donor population
with respect to run timing, Size, age, sex raio, and any other traitsidentified as
important for long term fitness. Returning adults used as broodstock by a
hatchery program must continualy incorporate natura-origin fish over the
duration of a program to reduce the likelihood for divergence of the hatchery
population from the wild counterparts. Spawning protocols, including collection
of broodstock proportionaly across the breadth of the naturd return,
randomizing matings with respect to size and phenotypic traits, goplication of a
least 1.1 mae-femde mating schemes (Kapuscinski and Miller 1993), and
avoidance of intentiona sdlection for any life history or morphologicd trait,
should be applied to increase the likelihood that hatchery broodstocks are
representative of wild stock diversity. Minimum broodstock collection
objectives should be st to dlow for the spawning of the number of adults
needed to minimize loss of some dldes and the fixation of others (Kapuscinski
and Miller 1993). Hatchery methods that mimic the naturd environment to the
extent feasble should be applied (e.g. use of subgtrate during incubation and
exposure to ambient river water temperature regimes during rearing).

BETWEEN POPULATION VARIABILITY: Lossof between (or “among”)
population variahility or diversty isthe reduction in differences in quantity,
variety, and combinations of alees among populations (Busack and Currens
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1995). Lossof genetic variability among populations may occur through
replacement of extent, localy adapted wild sdlmonid populations by a smaler
number of relatively homogenous populations as a result of a hatchery
supplementation program, or inter-breeding with straying hatchery fish. This
replacement may occur when hatchery-origin fish mate with wild fish thet are
unrelated or digantly related, resulting in gene flow that isin excess of naturd
levels. The potentid result of thisinfusion of introduced dlelesis reduction in
the frequency of adaptative dldes and co-adapted dlde complexes, leading to
short or long term reduction in performance of the wild fish (outbreeding
depression) (Busack and Currens 1995). Consolidation and possible
homogenization of populations within an ESU or between regions may lead to
decreased fitness, limiting the potential of a species or group of populations to
adapt to new environmental conditions. At the individua population leve, loss
of genetic uniqueness with a concurrent reduction in performance of thefishis
of concern (Busack and Currens 1995).

To reduce the risk of loss of between population variability, hatchery programs
must avoid transfer of eggs and fish from different populations between
hatcheries. Hatchery programs should propagate and release only indigenous
fish populations. Release of hatchery fish into watersheds outsde the origind
digtribution of the introduced fish may result in gene flow above naturd leves,
and must be avoided. Asan additional measure, hatchery fish Stray rates
between ESUs must be managed such that |ess than 5% of anaturaly spawning
population condsts of hatchery fish. Within an ESU, hatchery dray rates must
be managed such that not more than 5% - 30% of the naturally spawning
population conggs of hatchery fish originating from within the ESU. To
minimize straying, hatchery populations must be acclimated to the watershed
where the fish are planted to ensure that propagated fish retain ahigh fiddlity to
the targeted stream. L ocd adaptation must be fostered by using returning
spawners rather than the transferred donor population as broodstock for
restoration programs. In addition, natura populations within an ESU,
representing significant proportions of the existing tota abundance and diversty
of the ESU, should be maintained without hatchery intervention. Mog, if not all,
anadromous salmonids produced in hatchery programs must be marked to
alow for monitoring and evauation of straying and naturd spawning
contribution of adult returns.

HARVEST EFFECTS: Depending on the characteristics of an adopted fishery regime,
the commercid or recregtiond pursuit of hatchery fish in mixed-stock or mixed-
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population fisheries can lead to harvest of naturaly produced fish a levelsin excess of
those compatible with their surviva and recovery. Hatchery fish must not be produced
in numbers and/or locations such that when, as adults, they migrate through adopted
fisheries regimes, leading to harvest of listed ESUs and their component populations at
excessve rates that impair their surviva and recovery. Hatchery production and
harvest management must together be compatible with species surviva and recovery.

MASKING EFFECTS: The return and natural spawning of F1 hatchery fish, desired
or not, can mask the status of the listed, naturdly-produced population. This Stuation
can aso mask the proper functioning of the critical, freshwater habitat and its condition
required to sustain viable naturdly produced fish populations. Artificidly produced fish
must therefore be sufficiently marked, internaly or externdly, to alow for the ready
digtinction of hatchery vs naturdly produced fish for stock assessment purposes,
including recovery on the spawning grounds. Such marking is especidly essentid for
those hatchery populations for which straying and naturdly spawning in sufficient
numbers (see above) is known or suspected.

Artificidly produced fish populations must dso be sufficiently marked, when necessary,
to dlow thar digtinction from naturaly produced fish in order to manage broodstock
collection and mating, and quantify any take of listed fish during broodstock collection.

AREA OF EFFECTS - TRIBUTARY, MAINSTEM REARING, MIGRATION
CORRIDOR, ESTUARY AND NEAR OCEAN: The action area consdered for
“jeopardy” determinations will include critical habitat identified for each listed species
by NMFS in Federal Register Notices (FRN), freshwater migration corridors critical
for the listed species, and estuarine and nearshore ocean areas that are important for
the early marine surviva of the listed species. In some cases, FRNs announcing critical
habitat designations will include the migration corridor and nearshore marine aress.
Oceanic areas beyond nearshore marine areas will not be considered in *jeopardy”
evaudions. The limited information available concerning effects to listed sdmon
resulting from changesin the historic ocean carrying capacity isinsufficient to determine
definitive impacts from hatchery fish releases. The effects of hatchery fish production
on listed sdlmon and stedlhead in the ocean would be speculative, since hatchery fish
intermingle & the point of ocean entry with wild and hatchery anadromous salmonids

from many regions.
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EVALUATION AND ASSESSMENT PRINCIPLES

1.

When assessing the potentid effects of hatchery actions on the surviva and recovery of listed
Species, it may be appropriate to give greater consderation, or conversely alow greater risks,
to different populations within a given ESU, based on their origin and importance to the ESU.
Generaly, the greater protection should be afforded those native populations that persst in their
origina habitats. Second priority for risk averson should be given to transplanted populations
originating from other watersheds within the ESU that have replaced (largely or totaly) the
native population, in habitats that have higtoricaly sustained natural chinook populations.
Thirdly, any populations comprised of naturd spawning “hatchery drays’, in habitats thet have
not higoricaly sustained natura chinook populations, may require minima protection from
potential hatchery effects. Findly, populations of fish trangplanted from outside the ESU do not
require ESA protections and should be considered for replacement from an appropriate
population originating from within the ESU, particularly if the habitat in question is essentid to
the species viability and recovery.

Hatchery effects need to dlow for the rebuilding of naturd origin recruit numbers (and self-
sugtainahility) in those populations needed for surviva and recovery of the ESU.

Hatchery programs not isolated from alocal, natural population must originate from that local
population.

Monitoring and Evauation Plans are essentid to ensure risks are minimized and within the leve
of take authorized.

See attached flow diagram.

[JEOP100.p12]
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